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10 Field of the Invention 

The present invention relates to separable compositions, methods, and kits for use in 
multiplexed assay detection of known, selected target nucleotide sequences. 

Background of the Invention 

1 5 The need to determine many analytes or nucleic acid sequences (for example multiple 

pathogens or multiple genes or multiple genetic variants) in blood or other biological fluids has 
become increasingly apparent in many branches of medicine. Thus, m Most multi-analyte 
assays, such as assays that detect multiple nucleic acid sequences, involve multiple steps, have 
poor sensitivity, and-peer a limited dynamic range (typically on the order of 2 to 100-fold 

20 differences in concentration of the analytes is det e rmined) , and some require sophisticated 
instrumentation. Some of the known classical methods for multianalyte assays include the 
following: 

a. The use of two different radioisotope labels to distinguish two different analytes 

b. The use of two or more different fluorescent labels to distinguish two or more 

25 analytes. 

c. The use of lanthanide chelates where both lifetime and wavelength are used to 

distinguish two or more analytes. 

d. The use of fluorescent and chemiluminescent labels to distinguish two or more 

analytes. 

30 e . The use of two different enzymes to distinguish two or more analytes. 
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f. The use of enzyme and acridinium esters to distinguish two or more analytes. 

g. Spatial resolution of different analytes, for example on arrays, to identify and 
quantify multiple analytes. 

h. The use of acridinium ester labels where lifetime or dioxetanone formation is used 
to quantify two different viral targets. 

As the human genome is elucidated, there will be numerous opportunities for 
performing assays to determine the presence of specific sequences, distinguishing between 
alleles in homozygotes and heterozygotes, determining the presence of mutations, evaluating 
cellular expression patterns, etc. In many of these cases one will wish to determine m a smgle 
reaction a number of different characteristics of the same sample. In many assays, there will 
be an interest in determining the presence of specific sequences, whether genomic, synthetic, or 
cDNA These sequences may be associated particularly with genes, regulatory sequences, 
repeats, multimeric regions, expression patterns, and the like. There will also be an interest in 
determining the presence of one or more pathogens, their antibiotic resistance genes, genetic 
15 subtvpe and the like. The need to identify and quantify a large number of bases or sequences, 
potentially distributed over centimorgans of DNA, offers a major challenge. Any method 
should be accurate, reasonably economical in limiting the amount of reagents required and 
provide for a single highly multiplexed assay, which allows for differentiation of the different 
SNPa or differentiation and quantitation of multiple genes^md/or_snp determination, and/or 
20 gene expression at the RN A or protein level. 

The need to study differential expression of multiple genes to determine toxicologically 
relevant outcomes or the need to screen transfused blood for viral contaminants with high 
sensitivity is clearly evident. Finally, while nucleic acid sequences provide extreme diversity 
for situations that mav be of biological or other interest, there are other types of compounds, 
25 such as proteins in proteomics that may also offer opportunities for multiplexed determinations. 

There is and will continue to be comparisons of the sequences of different individuals. 
It is believed that there will be about one polymorphism per 1,000 bases, so that one may 
anticipate that there will be an extensive number of differences between individuals. By single 
nucleotide polymorphism (SNPs) is intended that there will be a prevalent nucleotide at the site, 
30 with one or more of the remaining bases being present in a substantially smaller percent of the 
population. While other genetic markers are available, the large number of SNPs and their 
extensive distribution in the chromosomes make SNPs an attractive target. Also, by 
determining a plurality of SNPs associated with a specific phenotype, one may use the SNP 
pattern as an indication of the phenotype, rather than requiring a determination of the genes 
35 associated with the phenotype. For the most part, the SNPs will be in non-coding regions, 
primarily between genes, but will also be present in exons and introns. In addition, the great 
proportion of the SNPs will not affect the phenotype of the individual, but will clearly affect the 
genotype. The SNPs have a number of properties of interest. Since the SNPs will be inherited, 
individual SNPs and/or SNP patterns may be related to genetic defects, such as deletions, 
40 insertions and mutations, involving one or more bases in genes. Rather than isolating and 

sequencing the target gene, it will be sufficient to identify the SNPs involved. In addition, the 
SNPs may also be used in forensic medicine to identify individuals. 

Thus an assay for the differentiation and quantitation of mul tiple genes, and/or snp 
determination. a pH/or gene expres sion at the RNA or protein level, that has higher sensitivity, a 
45 large dynamic range (10 3 to 10 4 -fold differences in target levels), agreater degree of 
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multiplexing, and fewer and more stable reagents would increase the simplicity and reliability 
of multianalyte assays , and reduce their costs . 

Brief Description of the Related Art 
5 Holland (Proc. Natl. Acad. Sci. USA (1991) 88:7276) discloses that the exonuclease 

activity of the thermostable enzyme Thermus aquaticus DNA polymerase in PCR amplification 
to generate specific detectable signal concomitantly with amplification. 

The TaqMan® assay is discussed by Lee in Nucleic Acid Research (1993) 21:16 

3761). 

10 White (Trends Biotechnology (1996) 14(12): 478-483) discusses the problems of 

multiplexing in the TaqMan assay. 

Marino, Electrophoresis (1996) 17:1499 describes low-stringency-sequence specific 
PCR (LSSP-PCR). A PCR amplified sequence is subjected to single primer amplification under 
conditions of low stringency to produce a range of different length amplicons. Different 

1 5 patterns are obtained when there are differences in sequence. The patterns are unique to an 
individual and of possible value for identity testing. 

Single strand conformational polymorphism (SSCP) yields similar results. In this 
method the PCR amplified DNA is denatured and sequence dependent conformations of the 
single strands are detected by their differing rates of migration during gel electrophoresis. As 

20 with LSSP-PCR above, different patterns are obtained that signal differences in sequence. 

However, neither LSSP-PCR nor SSCP gives specific sequence information and both depend 
on the questionable assumption that any base that is changed in a sequence will give rise to a 
conformational change that can be detected. Pastinen, Clin. Chem . (1996) 42:1391 amplifies 
the target DNA and immobilizes the amplicons. Multiple primers are then allowed to hybridize 

25 to sites 3 1 and contiguous to a SNP (single nucleotide polymorphism) site of interest. Each 

primer has a different size that serves as a code. The hybridized primers are extended by one 
base using a fluorescently labeled dideoxynucleoside triphosphate. The size of each of the 
fluorescent products that is produced, determined by gel electrophoresis, indicates the sequence 
and, thus, the location of the SNP. The identity of the base at the SNP site is defined by the 

30 triphosphate that is used. A similar approach is taken by Haff, Nucleic Acids Res. (1997) 

25:3749 except that the sizing is carried out by mass spectrometry and thus avoids the need for 
a label. However, both methods have the serious limitation that screening for a large number of 
sites will require large, very pure primers that can have troublesome secondary structures and 
be very expensive to synthesize. 

35 Hacia, Nat. Genet . (1996) 14:441 uses a high-density array of oligonucleotides. 

Labeled DNA samples were allowed to bind to 96,600 20-base oligonucleotides and the 
binding patterns produced from different individuals were compared. The method is attractive 
in that SNPs can be directly identified, but the cost of the arrays is high and non-specific 
hybridization may confound the accuracy of the genetic information. 
40 Fan (1997, October 6-8, IBC, Annapolis MD) has reported results of a large scale 

screening of human sequence-tagged sites. The accuracy of single nucleotide polymorphism 
screening was determined by conventional ABI resequencing. 

Ross in Anal. Chem . (1997) 69:4197 discusses allele specific oligonucleotide 
hybridization along with mass spectrometry. 
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Brenner and Lerner, PNAS (1992) 89:5381, suggested that compounds prepared by 
combinatorial synthesis can each be labeled with a characteristic DNA sequence. If a given 
compound proves of interest, the corresponding DNA label is amplified by PCR and 
sequenced, thereby identifying the compound. 
5 W. Clark Still, in U.S. Patent No. 5,565,324 and in Accounts of Chem. Res., (1996) 

29:155, uses a releasable mixture of halocarbons on beads to code for a specific compound on 
the bead that is produced during synthesis of a combinatorial library. Beads bearing a 
compound of interest are treated to release the coding molecules and the mixture is analyzed by 
gas chromatography with flame ionization detection. 
10 U.S. Patent No. 5,807,682 describes probe compositions for detecting a plurality of 

nucleic acid targets. 

Summary of the Invention 

Sets of electrophoretic tag (e-tag) probes for the multiplexed detection of known, 
1 5 selected target nucleotide sequences are provided. 

The e-tag probe sets comprise j members, and have the form, (D, Mj) - N- Tj, 
where (a) D is a detection group comprising a detectable label; (b) Mj is a mobility 
modifier, having a particular charge/mass ratio; (c) N is a nucleotide joined to Ui in Tj 
through a nuclease-cleavable bond; and (d) Tj is an oligonucleotide target-binding moiety 
20 that has a sequence of nucleotides Ui connected by intersubunit linkages B i; where i 
includes all integers from 1 to n, and n is sufficient to allow the moiety to specifically 
hybridize with a target nucleotide sequence. 

When the oligonucleotide target-binding moiety of an e-tag probe interacts with 
a target oligonucleotide, an e-tag reporter of the form (D, Mj) - N is released. The 
25 mobility modifier imparts a unique and known electrophoretic mobility to each released 
e-tag reporter which is within a selected range of electrophoretic mobilities with respect 
to other e-tag reporters of the same form in the probe set. The e-tag reporter does not 
itself contain nuclease-cleavable bonds. 

The sets include e-tag probes having the form, Mj- D - N- T, and D - Mj - N- T j? 
30 where the corresponding e-tag reporters have the form Mj- D - N and D - Mj - N ? 
respectively. 

The target-binding moiety of each e-tag probe of the set contains at least one 
modification selected from the following: 

(i) at least one nuclease-resistant bond Bi, where i includes at least I; 
35 (ii) a capture ligand, e.g., biotin, bound to Ui and capable of binding specifically 

to a capture agent; and 

(iii) a nuclease-resistant bond B l5 where i includes at least 1, and a capture 
ligand bound to at least one nucleotide Ui and capable of binding specifically to a capture 
agent, where i > 1 . 

40 The invention further provides sets of e-tag probes wherein the nuclease- 

cleavable bond is a phosphodiester bond, and the nuclease-resistant bond(s) in the target- 
binding moiety are one or more of thiophosphate, phosphinate, phosphoramidate, amide, 
and boronate linkages. 

' In the probe sets of the invention, the mobility modifier may have one or more of 

45 the following characteristics: 
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(i) a unique charge/mass ratio due to variations in mass, but not charge; 

(ii) a unique charge/mass ratio due to changes in both mass and charge; 

(iii) a unique charge/mass ratios of between -0.001 and 0.5; 

(iv) a structure that includes a selected number of negatively charged and/or 
5 positively charged amino acids; and 

(v) a structure that includes an alkyl chain, and differs from other Mj in the set by 
1-3 methylene groups in the chain. 

In one aspect, the probe sets comprise at least 5 probes, and in a related aspect, 
the probe sets comprise at least 9 probes. 
10 The label component of the probe sets of the invention may be a fluorophore, a 

chromophore, or an electrochemical compound capable of a detectable reaction in the 
presence of a redox agent. In addition, the label component of the probe set may have a 
selected mass and charge. 

Further, a given set of e-tags probes for multiplexed detection of known, selected 
1 5 target nucleotide sequences may contain subsets of probes, each subset having a label 
with a unique mass/charge ratio. 

Brief Description of the Drawings 

Figures 1 A, B and C depict the specific sequences of the SNP detection sequences for 
20 the two snp allelesIA), the optical characteristics of the fluorescent dyesIB), and the cleaved 
fragments from the SNP detection sequenceslQ. (from 00 app) 

Figure 2 shows the structure of several benzoic acid derivatives that can serve as 
mobility modifiers, (from table 3 of 01 app) 

Figures 3A-D provide a schematic illustration of the generalized metho ds of the 
25 invention employing a nucleotide target an d a 5* exonuclease indicating that only one eTag is 
generated per target for maximum multiplexing capabilities (A); the use of a capture ligand, 
hiotin to facilitate the removal of uncleaved or p artially cleaved e-tag probe from the reaction 
mixture (B) and (C): and the use of nuclease resistant mod ifi cations (e. g., phosphorothioates) to 
the backbone of the target b inding region (D). 
30 (description is new, figures are from 01 app) 

Figure 4 illustrates the d esi gn and synthesis of e-ta g s usi ng a L abCard (Detection: 4.7 
cm: 200 V/cm) and standard ph os phoramidit e cou pling chemistry, (description is new, fi g 
from 01 app) 

Fi gure 5 illustrates E-tags that have been separated on a LabCard. (Detection: 4. / cm, 
35 200 V/cm.) (from 01 app) 

Figure 6 provides predicted and experimental (*) elution times of e-tag reporters 
se parated bv capilla r electro phoresis. d C 9a andC l8 are commercially available 
phos phoramidite spacers from Glen Research. Sterlin g VA. Th e uni ts are derivatives of N.N- 
diisopropvl O-cvanoethyl phosphoramidite. which is indicated b v "Q". Cgis DMT 
40 Mimethoxvtritvnoxv pioDvl O: C . is DMToxvhexvl O: C. is D MTo xy(tri ethvleneoxv) Q; C nJ* 
DMToxvdodecvl Q; G « is DMToxv(hexaethyleneoxv) Q. (from 02 app) . 

Figure 7 gives the structure of several mobility-modified nucleic acid phosphoramidites 
that can be employed at the penultimate coupling during e-tag probe synthesis on a standard 
DNA synthesizer. 
45 (found in table 2 of 01 app) 
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Figure 8 shows multiple electropherograms showing separation of individual e-tag 
reporters. The figure illustrates obtainable resolution of the reporters, which are identified by 

their ACLA numbers, (from 03 app) . n1 

v^rr Q .hows ch arge, modifier phosp horam idit.es. (EC or CF, is cvanoethyil (fromOl 

5 ^ Figure. 10 shows nolvhvdroxvla t e d charge modifier phosphoramidites . (frornOLaBE) 
Figure 1 1 illustrates one exemplar/ synthetic approach starting with commercially 
available 6-carboxv fluorescein, where the phenolic hydroxyl groups are protected using an 
alvdride. Upon standard extractive workup, a 95% yield of product is ; obtamed^ This 
10 material is phosphitylated to generate the phosphorate monomer ^^1^ 

Figure, 17. illust rates the use of a symmetncal bis-ammo alcohol inker as the ammo 
alcohol ^nTs^ond amine then coupled with a multitude of carboxyhc acid denvatives 

(&fflLi ^g^^ alternative strategy that uses 5-aminofluorescein as 

starting rnie^aUndAe" same series of steps to convert it to its protected phosphoramidite 

m0n ° m FiS^rate S several mobility modifiers that can be used for conversion of 
amino dyes into e-tag phosphoramidite monomers. .( found in table 4 of 01_apj>) 

Figure 1 5 gives the structure of sev ^l e-taes derived from maleimide-lmked 

20 precursors. 

(found in table 7 of 02 app ) • „ 0 

Fisy^i^eaieB diagram of a svstern for performing mufeplexed determinate 

(found in Fig. 10 of 02 app) 
F ^ures 17A-K shows the stri c tures of numerous exemplary e-tag reporter s. 
Figures 18 A and B depict the CE separation of the reaction products of Allele 1 after 0 
and 40 cycles. CE instrument: Beckman P/ACE/ 5000 with LIF detection. BGE: 2.5 /„ LLD 
30 7M urea, lxTBE. Capillary: 100 urn i.d., 375 urn o.d., Lc=27 cm, Ld=6.9 cm. Detection; 
^'=488nm,^=520nm. Injection: 5s at 2.0kV. Field strength: lOOV/cmatrt. Peaks: P= 
unreacted snp detection sequence cjrMag^Eobe, P'= snp detection sequence or e-tag reporter 
30 product. TET = tetrachlor ofluorescein. (from 00 app) 

Figures 19A and B depict the CE separation of the reaction products (ore-tag 
reporters) of Allele 2 after 0 and 40 cycles. Experimental conditions are the same as Figure 18, 
except for BGE composition; 2 % LDD30, lx TBE^ AM = fluorescein , (frojnjppe) 

Figure 20 is a graph of the CE separation of a 1:1 mixture of the 40 cycles products of 
Alleles 1 and 2, with experimental conditions as described for Figure 18. (fromO^) 

Figure 21 is a graph of the CE separation of a 1 : 10 mixture of the 40 cycles products of 
Alleles 1 and 2, with experimental conditions as described for Figure 18. (from 00 app) 

Figure 22_is an electropherogram of electrophoretic tags for^lectrorAciejiS differing 

bv a 1000-fold concentration, (from 01 app) 

Figures 23A-EandG a^Tb are the electropherograms ef from the analysis of 5 SNPs of 
the cvstic fibrosis genes, using multiplexed PCR and the subject e-tag probes. The Ffigures Me 
show Electropherograms efthefrom analysis of siagle-SNPj a nd triple :c SNPs snp loci for 
the cystic fibrosis genes^DnmindiyiduaLsnp loci and a tri plex reaction a reshowiL using 
multiplexed PCR and the subject e-tag probes JFipiires 7.3 A-E and G). along with an agarose 
45 gel separation of the triplex PGRr^rtion (73F) (from 01 app) 

Figure 24 is an electropherogram of a separation of nine negatively charged e-tag 

pmbe sreporters . 
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(from 0 1 app ) 

Figures 25A-D a»€i-B are electropherograms of probes employing a penultimate 
thiophosphate linkage in the e-tag probes to di s courage inhibit cleavage after the first phosphate 
linkage . Figs. 25A and B reflect the results of experiments showing the formation of 5 
5 different cleavage products in the PGR amplification of ANF (anti-nuclear factor) with (A) and 
without (B) the thiophosphate linkage. Figs. 25C and D reflect the results of experiments 
showing the formation of 5 different cleavage products in the PGR amplification of GAPDH, 
with (C) and without (D) the thiophosphate linkage, (from 01 app) 

Figure 26 shows multiple electropherograms from a separation on a 3 10 analyzer, after 
1 0 an amplification reaction in the presence of probe and primer, and without the addition of 
avidin. 
(from 03app ) 

Figure 27 shows multiple electropherograms from a separation on a 310 analyzer, after 
an amplification reaction in the presence of probe and primer, and with the addition of avidin. 
15 (from 03 app ) 

Figures 28A-C is are a schematic illustrations of a CE 2 LabCard™ device (28A) and 
exemplary high voltage configurations utilized in this device for the injection (28 B) and 
separation (28C) of products of a-GE 5 ~ LabCard ™ d e vice during an enzyme assay, (from 03 
app) 

20 Figure 29 shows two electropherograms demonstrating e-tag reporter analysis using a 

CE 2 LabCard. The figure shows the separation of purified labeled aminodextran with and 
without sensitizer beads. The addition of the sensitizer beads lead to the release of the e-tag 
reporter from the aminodextran using singlet oxygen produced by sensitizer upon the 
irradiation at 680 nm. Experimental conditions: separation buffer 20 mM HEPES pH=7.4, and 

25 0.5% PEO; voltage configurations as described for Figure 28; assay mixture had 29 ^ig/ml 

streptavidin coated sensitizer beads and irradiated for 1 min at 680 nm using 680 ±10 nm filter 
and a 150 W lamp, (from 03 app ) 

Figure 30 shows multiple electropherograms demonstrating e-tag reporter analysis 
using a CE 2 LabCard. The figure shows the separation of purified labeled aminodextran using 

30 different concentrations of sensitizer beads. The higher concentration of sensitizer beads leads 
to the higher release of e-tag reporters from the labeled aminodextran. Experimental 
conditions: separation buffer 20.0 mM HEPES pH=7.4, and 0.5% PEO; voltage configurations 
as described for Figure 28; assay mixture was irradiated for 1 min at 680 nm using 680 ±10 nm 
filter and a 150 W lamp, (from 03 app) 

35 Figure 3 1 depicts the linear calibration curve for the release of e-tag reporters as a 

function of the sensitizer bead concentration. Results were obtained using a CE 2 LabCard. 
Experimental conditions: separation buffer 20.0 mM HEPES pH=7.4, and 0.5% PEO; voltage 
configurations as described for Figure 28; assay mixture was irradiated for 1 min at 680 nm 
using 680 ±10 nm filter and a 150 W lamp. 

40 (from 03 app) 

Figure 32 shows a data curve of the effect of the concentration of labeled aminodextran 
on the e-tag reporter release. As demonstrated in this figure, the lower concentration of labeled 
aminodextran for a given concentration of sensitizer beads leads to more efficient e-tag reporter 
release (or high e r ratio of reporter releas e d to the amount of labeled aminodextran) r Results 
45 were obtained using a CE 2 LabCard. Experimental conditions: separation buffer 20.0 mM 
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HEPES pH=7.4, and 0.5% PEO; voltage configurations as described for Figure 28; assay 
mixture had 29 jug/ml of sensitizer beads and was irradiated for 1 min at 680 nm using 680 ±10 
nm filter and a 150 W lamp, (from 03 app) 

Figure 33 is a schematic diagram of the steps invo lved in the synthesis of the 
phosphoroamidite of biotin-deoxvcvtosine (dO (Reagent C). 

Figure 34 is a schematic diagram of the steps involved in the synthesis of the 
phosphoroamidite of biotin-deoxvadenosine (dA) (Reagent D). 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

I. Definitions 

In defining the terms below, it is useful to consider the makeup of the "electrophoretic 
probes" that form part of the invention and/or are used in practicing the method of the 
invention. An electrophoretic probe has four basic components or moieties: (i) a detection 
group or moiety, (ii) a mobility modifier, (iii) a target-binding moiety, and (iv) a linking group 
that links the mobility modifier and detection group to the target-bonding moiety. These terms 
will first be examined in the context of the functioning of the electrophoretic probes in the 
invention, then more fully defined by their structural features. 

The function of an electrophoretic probe in the invention is first to interact with a 
target, such as a single-stranded nucleic acid, a ligand-binding agent, such as an antibody or 
receptor, or an enzyme, e.g., as an enzyme substrate. The "portion", "region" or "moiety" of the 
probe which binds to the target is the "target-binding moiety" or "target-binding region" or 
"target-binding portion" ("T"). After the target-binding moiety of an electrophoretic probe 
binds to a target, and typically as a result of such binding, the linking group of the 
electrophoretic probe may be cleaved to release an "electrophoretic tag" or "e-tag" or "e-tag 
reporter" which has a unique charge-to-mass ratio and thus a unique electrophoretic mobility in 
a defined electrophoretic system. The e-tag reporter is composed of the detection group, 
mobility modifier, and any residue of the linking group that remains associated with released 
reporter e-tag after cleavage. Therefore, the second function of the electrophoretic probe is to 
release an e-tag reporter which can be identified according to its unique and known 
electrophoretic mobility. 

According to an important feature of the invention, there is provided a set of 
electrophoretic probes, each of which has a unique target-binding moiety and an associated "e- 
tag moiety" that imparts to the associated e-tag reporter, a unique electrophoretic mobility by 
virtue of a unique charge to mass ratio. In general, the unique charge to mass ratio of an e-tag 
moiety is due to the chemical structure of the mobility modifier, since the detection group and 
linking-group residue (if any) will be common to any set of electrophoretic probes. However, it 
is recognized that unique charge and/or mass contributions to the e-tag reporters can be made 
by the detection group as well. For example, a set of electrophoretic probes may be made up of 
a first subset having a group of mobility modifiers which impart unique electrophoretic 
mobilities to the subset in combination with a detection group having one defined charge and/or 
mass, and a second subset having the same group of mobility modifiers in combination with a 
second detection group with a different charge and/or mass, thus to impart electrophoretic 
mobilities which are unique among both subsets. 

The different target-binding moieties in a set of electrophoretic probes are typically 
designated "Tj", where the set of probes contains n members, and each T j? j=l to j=n is 
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different, i.e., will bind specifically and/or with unique affinities to different targets. A set of 
electrophoretic probes of the invention typically includes at least about 5 members, i.e., n is 
preferably 5 or more, typically 10-100 or more. 

A "reporter moiety" "R" or a "detection group" "D" are equivalent terms referring to a 

5 chemical group or moiety that is capable of being detected by a suitable detection system, 
particular in the context of detecting molecules containing the detection group after or during 
electrophoretic separation. One preferred detection group is a fluorescent group that can be 
readily detected during or after electrophoretic separation of molecules by illuminating the 
molecules with a light source in the excitation wavelength and detecting fluorescence emission 

1 0 from the irradiated molecules. Exemplary fluorescent moieties will be given below. As noted 
above, the detection group is typically common among a set or subset of different 
electrophoretic probes, but may also differ among probe subsets, contributing to the unique 
electrophoretic mobilities of the released e-tag reporter. 

The "mobility modifier" "M" is a generally a chemical group or moiety that is designed 

1 5 to have a particular charge to mass ratio, and thus a particular electrophoretic mobility in a 

defined electrophoretic system. Exemplary types of mobility modifiers are discussed below. In 
a set of n electrophoretic probes, each unique mobility modifier is designated Mj, where j=l to 
n, as above. The mobility modifier may be considered to include a mass-modifying region 
and/or a charge-modifying region or a single region that acts as both a mass- and charge- 

20 modifying region. The mobility modifying region may also be referred to as M*, C*, L, a 

bond, a linking group, a mobility/mass identifying region or "mir", a charge-imparting moiety 

and a mobility region. 

The detection group and mobility modifier in the electrophoretic probe form an "e-tag 
moiety" which is linked to the target-binding moiety by a "linking group" which may be only a 
25 covalent bond which is cleavable under selected cleaving conditions, or a chemical moiety or 
chain, such as a nucleotide and associated phosphodiester bond, an oligonucleotide with an 
internal cleavable bond, an oligopeptide, or an enzyme substrate, that contains a cleavable 
chemical bond. Cleavage typically occurs as the result of binding of the probe to the target, 
which is followed by enzyme or catalyzed cleavage of the linking-group bond. The linking 
30 group is variously referred to herein as "LLand "N", depending on the nature and role of the 
linking group as will be defined below. 

The linking g rou p mav or mav not cont r ibute a linking-croup "residue" to the released 
e-tap re porter, also dependent on the, nature of the linking group and the site of cleavage. For 
example, where the linking group is a covalent bond, or cleavage of the linking group occurs 
35 immediately adjacent the "e-tag moiety", the linking group will leave no residue, i.e., will not 
contribute additional mass and charge to the released e-tag reporter. Similarly, where the 
linking group is a chemical group or chain which is cleaved internally or immediately adjacent 
the target-binding moiety, cleavage of the linking group will leave a residual mass and, possible 
charge contribution to the released e-tag reporter. In general, this contribution will be relatively 
40 small, and the same for each different released e-tag (assuming a common linking group within 
the probe set). As such, the residue will not effect the relative electrophoretic mobilities of the 
released e-tag reporters, nor the ability to resolve the e-tag reporters into electrophoretic species 
that can be uniquely identified. 

The following definitions are to be understood in the context of the above function of 
45 the various components of electrophoretic probes and e-tag reporters. In some case, structure 
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designations based on different lettering schemes are employed, and the equivalency between 
or among structures with different lettering schemes will be understood by those skilled in the 
art, in view of the intended function of the structure being referred to. 

An "electrophoretic probe" refers to one of a set of probes of the type described above 
5 having unique target-binding moieties and associated e-tag moieties moieties. The probes are 
variously expressed by the following equivalent forms herein: 

(a) (D, Mj) - L- Tj, or (D, Mj) - N - Tj, where D is a detection moiety, Mj is the jth 
mobility modifier, Tj is the jth target binding agent, and the linking group is represented by L 
and by N (when the linking group is the 5'-terminal nucleotide of an oligonucleotide target- 

10 binding moiety). In this and the following structural designations, (D, Mj> indicates that either 
the detection group or the mobility modifier is joined to the linking group, i.e., either (D, Mj) or 
(M J5 D>. 

(b) (R, Mj) - L- Tj, or (R, Mj) - N - T j7 where R is a detection moiety or reporter group, 
and Mj , Tj , and L, N, and B are as in (a). 

1 5 (c) R - L - T or L - R - T, where R is a label particularly a fluoresces L is a mir, a 

bond or a linking group, where L and the regions to which L is attached provide for the 
variation in mobility of the e-tags. T comprises a portion of the target-binding region, 
particularly a nucleoside base, purine or pyrimidine, and is the base, a nucleoside, nucleotide or 
nucleotide triphosphate, an amino acid, either naturally occurring or synthetic, or other 
20 functionality that may serve to participate in the synthesis of an oligomer, when T is retained, 
and is otherwise a functionality resulting from the cleavage between L, the mir, and the target- 
binding region, (in the corresponding e-tag reporter). 

A "set" or "group", "plurality" or "library" of electrophoretic probes refers to a plurality 
of electrophoretic probes having typically at least five, typically 10-100 or more probes with 
25 different unique target-binding moieties and associated e-tag moieties. 

As used herein, the term "electrophoretic tag probe set" or "e-tag probe set" refers to a 
set of probes for use in detecting each or any of a plurality of known, selected target nucleotide 
sequences, or for detecting the binding of, or interaction between, each or any of a plurality of 
ligands and one or more target antiligands. 
30 The term "target-binding moiety" or "Tj" refers to the component of an e-tag probe that 

participates in recognition and specific binding to a designated target. The target-binding 
moiety may also be referred to as T or T\ or may be defined based on the type of target, e.g., as 
a snp detection sequence or an oligonucleotide detection sequence. 

In one general embodiment of the target-binding moiety for use in detection of nucleic 
35 acid targets, Tj is an oligonucleotide target-binding moiety. In such cases, Tj has a sequence of 
nucleotides U f connected by intersubunit linkages: 

Ui = U 2 = U 3 = U 4 = U 5 =U 6 =Uj 
where = corresponds to intersubunit linkages B u+1 , where i includes all integers from 1 to n, 
and n is sufficient to allow the moiety to hybridize specifically with a target nucleotide 
40 sequence. Where the target-binding moiety is an oligonucleotide, and enzyme cleavage to 

release the e-tag reporter occurs between the first and second 5' nucleotides (between U, and U 2 
above), the linking group and nucleotides forming the target-binding sequence can be expressed 
in either of two equivalent representations. 

In one exemplary representation, U t is considered the 5' nucleotide of the target- 
45 binding moiety (as in the representation above), and cleavage occurs within this moiety, that is, 
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As used herein, the term "e-tag reporter" refers to the cleavage product generated as a 
result of the interaction between an e-tag probe and its target. In one representation, an e-tag 
reporter comprises the e-tag plus a residual portion of the target binding moiety (Tj) (where, as 
in the nucleotide exam ple, above , one or more nucleotides in the target-binding moiety contain 
the cleavable linking group), or a residual portion of the linking group (when the latter is 
considered separate from the target-binding moiety). In another embodiment, the e-tag does 
not retain any of the target binding moiety. E-tag reporters can be differentiated by 
electrophoretic mobility or mass and are amenable to electrophoretic separation and detection, 
although other methods of differentiating the tags may also find use. 
An e-tag reporter resulting from the interaction of an e-tag probe and a nucleic acid target 
typically has the form (D, Mj) - N, where N is as defined above, the 5'-end terminal nucleot.de 
of a target-binding oligonucleotide. 

An e-tag reporter resulting from the interaction of an e-tag probe used to detect the 
binding of or interaction between a ligand and an antiligand typically has the form (D, Mj) - L\ 
D and Mj are defined above and L' is the residue of L that remains attached to (D, Mj) after an 
e-tag reporter is cleaved from the corresponding e-tag probe. 

e-tag reporters may also be described as electrophoretic tags or eTags for use in 
electrophoresis, released eTags, released e-tags, etc. The e-tag for use in electrophoresis may 
also be represented by the formula. R-L-T, as described above, where T ,s retained, and is 
otherwise a functionality resulting from the cleavage between L, the mir, and the target-binding 
region. 

As used herein, the term "binding event" generally refers to the binding of the target 
binding moiety of an e-tag probe to its target. By way of example, such binding may involve 
the interaction between complementary nucleotide sequences or the binding between a ligand 
and target antiligand. 

As used herein, the term "capture ligand", refers to a group that is typically included 
within the target binding moiety or portion of an e-tag probe and is capable of binding 
specifically to a "capture agent" or receptor. The interaction between such a capture ligand and 
the corresponding capture agent may be used to separate uncleaved e-tag probes from released 
e-tag reporters. 

II Compositions of the Invention 

The subject invention provides compositions and methods for improved analysis of 
complex mixtures, where one is interested in the simultaneous identification of a plurality of 
entities, such as nucleic acid or amino acid sequences, snps, alleles, mutations, proteins, 
haptens, protein familv members, expression products, etc., analysis of the response of a 
plurality of entities to an agent that can affect the mobility of the entities, and the like. 
Libraries of differentiable compounds are provided, where the compounds comprise a mobility- 
identifying region (including mass-identifying region) ("mir"), that provides for ready 
identification by electrophoresis or mass spectrometry (differentiation by mobility in an 
electrical field or magnetic field), by itself or in conjunction with a detectable label. Depending 
on the determmation the product may also include one or more nucleotides or their equivalent, 
one or more amino acids or their equivalent, a functionality resulting from the release of the 
target-binding region or a modified functionality as a result of the action of an agent on the 
target-binding region. The mobility-identifying region or mir may be designated as a mobility 
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modifier given that it provides for ready identification by electrophoresis, by itself or in 
conjunction with a detectable label. 

The methodology involves employing detectable tags that can be differentiated by 
electrophoretic mobility or mass. The tags comprise mobility-identifying regions joined to a 
moietv that will undergo a change to produce a product. Depending on the nature of the 
change the change mav involve a change in mass and/or charge of the m,r, the release of the 
mir from all or a portion of the target-binding region or may provide for the ability to sequester 
the mir from the starting material for preferential release of the mir. The differentiate tags, 
whether identified by electrophoresis or mass spectrometry, comprising the mir, with or 
without the detectable label and a portion of the target-binding region will be referred to as "e- 

tags." . 

Such differentiate e-tags, comprising the e-tag with or without a portion of the target- 
binding region for use in detection may be conveniently referred to as "e-tag reporters". The e- 
tag reporters are generated as the result of the interaction between an e-tag probe (which 
comprises an e-tag joined to a target-binding region) and a corresponding target. 

In addition, the subject invention employs a variety of reagent systems, where a 
binding event results in a change in mobility of the e-tag. The binding event is between a 
target-binding region and a target, and the reagent system recognizes this event and changes the 
nature of the e-tag containing target-binding region, so that the mobility and/or mass of the 
product is different from the starting material. The reagent system will frequently involve an 
enzyme and the reagent svstem may comprise the target. The effect of the reagent system ,s to 
make or break a bond by physical, chemical or enzymatic means. Each of the products of the 
different e-tag containing target-binding regions can be accurately detected, so as to determine 
the occurrence of the binding event. Following the binding event, one or more reaction 
products are produced that exhibit mobilities different from the e-tag probe or probes from 
which the reaction products derive. The released form of the e-tag or the e-tag reporter exhibits 
a different mobility and/or mass than the e-tag from which it derives. 

The subject invention may be used for a variety of multiplexed analyses involvmg the 
action of one or more agents on a plurality of reagents comprising the mir and a target-binding 
region that undergoes a change as a result of a chemical reaction, resulting in a change in 
mobility of the product as compared to the starting material. The reaction may be the result of 
addition or deletion in relation to the target-binding region, so that the resulting product may be 
sequestered from the starting material. The subject systems find use in nucleic acid and protein 
analyses, reactions, particularly enzyme reactions, where one or more enzymes are acting on a 
group of different potential or actual substrates, and the like. 

A system is provided for the simultaneous multiplexed determination of a plurality of 
events employing electrophoresis to distinguish the events, comprising an electrophoretic 
device for electrophoretic separation and detection, a container containing a first set of first 
agents referred to as "e-tags." composing differing mobility regions and a second reagent 
composition comprising at least one active second agent, under conditions where said second 
agent modifies at least one member of said first agent set resulting in a change of 
electrophoretic mobility of said at least one member to provide a modified member retaining 
said mobility region, and transfer of said at least one modified member to said electrophoretic 
device for separation and detection of said at least one modified member. The electrophoret.c 
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device may be connected to a data processor for receiving and processing data from the 
device, as well as operating the electrophoretic device 

The first set of first agents are considered to be "e-tag probes," and the modified 
members that retain the mobility region or mobility modifying region and are subjected to 
5 analysis are referred to as "e-tag reporters". In general, the e-tag probes comprise a mobility 
modifying region that is joined to a target binding region by a linker, which may include or be a 
reactive functionality, a cleavable linkage, a bond which may or may not be releasable or a 
group for joining to one or more of the other regions. 

The systems are based on having libraries available comprising a plurality of e-tags that 
10 comprise at least a plurality of different mobility-identifying regions, so as to be separable by 
electrophoresis with the entities to which the mobility-identifying regions are attached. The 
mobility-identifying regions are retained in the product of the reaction, where the product is 
modified by the gain and/or loss of a group that changes the mass and may also change the 
charge of the product, as compared to the starting material. In some instances, the mobility- 
1 5 identifying region may be joined to a target-binding region by a cleavable bond, so that the 

mobilitv-identifying region is released for analysis subsequent to the modification of the target- 
binding region, e.g. complex formation. 

In one aspect, the subject assays are predicated on having a reagent that has a high 
affinity for a reciprocal binding member, the analyte. Usually, the binding affinity will be at 
20 least about \0' 7 M'\ more usually, at least about lO^M' 1 . For the most part, the reagents will be 
receptors, which includes antibodies, IgA, IgD, IgG, IgE and IgM and subtypes thereof, 
enzymes, lectins, nucleic acids, nucleic acid binding proteins, or any other molecule that 
provides the desired specificity for the analyte in the assay. The antibodies may be polyclonal 
or monoclonal or mixtures of monoclonal antibodies depending on the nature of the target 
25 composition and the targets. The targets or analytes may be any molecule, such as small 

organic molecules of from about 100 to 2500 Da, poly(amino acids) including peptides of from 
about 3 to 100 amino acids and proteins of from about 100 to 50,000 or more amino acids, 
saccharides, lipids, nucleic acids, etc., where the analytes may be part of a larger assemblage, 
such as a cell, microsome, organelle, virus, protein complex, chromosome or fragment thereof, 
30 nucleosome, etc. 

A. Electrophoretic Tags 

An e-tag will be a molecule, which is labeled with a directly detectable label or can be 
made so by functionalization. The electrophoretic tags will be differentiated by their 
electrophoretic mobility, usually their mass/charge ratio, to provide different mobilities for each 

35 electrophoretic tag. Although in some instances the electrophoretic tags may have identical 
mass/charge ratios, such as oligonucleotides but differ in size or shape and therefore exhibit 
different electrophoretic mobilities under appropriate conditions. Therefore, the tags will be 
amenable to electrophoretic separation and detection, although other methods of differentiating 
the tags may also find use. The e-tag may be joined to any convenient site on the target binding 

40 reagent, without interfering with the synthesis, release and binding of the e-tag labeled reagent. 
For nucleotides, the e-tag may be bound to a site on the base, either an annular carbon atom or a 

hydroxyl or amino substituent. 

In mass spectrometry, the E-TAGs may be different from the E-TAGs used in 
electrophoresis, since the E-TAGs do not require a label, nor a charge. Thus, these E-TAGs 
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may be differentiated solely by mass, which can be a result of atoms of different elements, 
isotopes of such elements, and numbers of such atoms. 

Electrophoretic tags are small molecules (molecular weight of 150 to 10,000), usually 
other than oligonucleotides, which can be used in any measurement technique that permits 
identification by mass, e.g. mass spectrometry, and or mass/charge ratio, as in mobility in 
electrophoresis . Simple variations in mass and/or mobility of the electrophoretic tag leads to 
generation of a library of electrophoretic tags, that can then be used to detect multiple snp's or 
multiple target sequences. The electrophoretic tags are easily and rapidly separated in free 
solution without the need for a polymeric separation media. Quantitation is achieved using 
internal controls. Enhanced separation of the electrophoretic tags in electrophoresis is achieved 
by modifying the tags with positively charged moieties. 

The e-tags are a group of reagents having a mir that with the other regions to which the 
mir is attached during separation provide for unique identification of an entity of interest. The 
mir of the e-tags can vary from a bond to about 100 atoms in a chain, usually not more than 
about 60 atoms, more usually not more than about 30 atoms, where the atoms are carbon, 
oxygen, nitrogen, phosphorous, boron and sulfur. Generally, when other than a bond, the mir 
will have from 0 to 40, more usually from 0 to 30 heteroatoms, which in addition to the 
heteroatoms indicated above will include halogen or other heteroatom. The total number of 
atoms other than hydrogen will generally be fewer than 200 atoms, usually fewer than 100 
atoms. Where acid groups are present, depending upon the pH of the medium in which the mir 
is present, various cations may be associated with the acid group. The acids may be organic or 
inorganic including carboxyl, thionocarboxyl, thiocarboxyl, hydroxamic, phosphate, phosphite, 
phosphonate, sulfonate, sulfinate, boronic, nitric, nitrous, etc. For positive charges, substituents 
will include amino (includes ammonium), phosphonium, sulfonium, oxonium, etc., where 
substituents will generally be aliphatic of from about 1 - 6 carbon atoms, the total number of 
carbon atoms per heteroatom, usually be less than about 12, usually less than about 9. The mir 
mav be neutral or charged depending on the other regions to which the mir is attached, at least 
one of the regions having at least one charge. Neutral mirs will generally be polymethylene, 
halo- or polvhaloalkylene or aralkylene (a combination of aromatic— includes heterocyclcic- 
and aliphatic groups), where halogen will generally be fluorine, chlorine, bromine or iodine, 
polyethers, particularly, polyoxyalkylene, wherein alkyl is of from 2-3 carbon atoms, 
polyesters, e.g. polyglycolide and polylactide, dendrimers, comprising ethers or thioethers, 
oligomers of addition and condensation monomers, e.g. acrylates, diacids and diols, etc. The 
side chains include amines, ammonium salts, hydroxyl groups, including phenolic groups, 
carboxyl groups, esters, amides, phosphates, heterocycles, particularly nitrogen heterocycles, 
such as the nucleoside bases and the amino acid side chains, such as imidazole and quinoline, 
thioethers. thiols, or other groups of interest to change the mobility of the e-tag. The mir may 
be a homooligomer or a heterooligomer, having different monomers of the same or different 
chemical characteristics, e.g., nucleotides and amino acids. Desirably neutral mass 
differentiating groups will be combined with short charged sequences to provide the mir. 

The charged mirs will generally have only negative or positive charges, although, one 
may have a combination of charges, particularly where a region to which the mir is attached is 
charged and the mir has the opposite charge. The mirs may have a single monomer that 
provides the different functionalities for oligomerization and carry a charge or two monomers 
may be employed, generally two monomers. One may use substituted diols, where the 
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substituents are charged and dibasic acids. Illustrative of such oligomers are the combination 
of diols or diamino. such as 2,3-dihydroxypropionic acid, 2,3-dihydroxysuccinic acid, 2,3- 
diaminosuccinic acid, 2,4-dihydroxyglutaric acid, etc. The diols or diam.no compounds can be 
linked bv dibasic acids, which dibasic acids include the inorganic dibasic acids indicated above. 
5 as well as dibasic acids, such as oxalic acid, malonic acid, succinic acid, maleic acid, fiirmanc 
acid carbonic acid. etc. Instead of using esters, one may use amides, where amino acids or 
diamines and diacids may be employed. Alternatively, one may link the hydroxyls or amines 

with alkvlene or arvlene groups. 

By employing monomers that have substituents that provide for charges or which may 
10 be modified to provide charges, one can provide for mirs having the desired mass/charge ratio. 
For example, bv using serine or threonine, one may modify the hydroxyl groups with phosphate 
to provide negatively charged mirs. With arginine, lysine and histidine, one provides for 
positively charged mirs. Ol.gomerization may be performed in conventional ways to provide 
the appropriately sized mir. The different mirs having different orders of oligomers, generally 
1 5 having from 1 to 20 monomeric units, more usually about 1 to 1 2, where a unit intends a 

repetitive unit that may have from 1 to 2 different monomers. For the most part, ol.gomers will 
be used with other than nucleic acid target-binding regions. The polyfunctionality of the 
monomeric units provides for functionalities at the termini that may be used for conjugation to 
other moieties, so that one mav use the available functionality for reaction to provide a different 
20 functionality. For example, one may react a carboxyl group with an aminoethylth.ol, to replace 
the carboxyl group with a thiol functionality for reaction with an activated olefin. 

By using monomers that have 1-3 charges, one may employ a low number of 
monomers and provide for mobility variation with changes in molecular weight. Of particular 
interest are polvolpolvcarboxvlic acids having from about two to four of each functionality, 
25 such as tartaric acid. 2.3-dihvdroxyterephthalic acid, 3,4-dihydroxyphthalic acid, A ? -tetrahydro- 
3 4-dihvdroxyphthalic acid. etc. To provide for an additional negative charge, these monomers 
may be oligomerized with a dibasic acid, such as a phosphoric acid derivative to form the 
phosphate diester. Alternatively, the carboxylic acids could be used with a diamine to form a 
polvamide while the hvdroxvl groups could be used to form esters, such as phosphate esters, or 
30 ethers such as the ether of glvcolic acid, etc. To van the mobility, various aliphatic groups of 
differing molecular weight may be employed, such as polymethylenes, polyoxyalkylenes, 
polvhaloaliphatic or -aromatic groups, polyols, e.g. sugars, where the mobility will differ by at 
least about 0.01. more usually at least about 0.02 and more usually at least about 0.3. 
Alternatively, the libraries may include oligopeptides for providing the charge, particularly 
35 oligopeptides of from 2-6, usually 2 - 4 monomers, either positive charges resulting from 

lysine, arginine and histidine or negative charges, resulting from aspartic and glutamic acid. Of 
course, one need not use naturally occurring amino acids, but unnatural or synthetic ammo 
acids, such as taurine, phosphate substituted serine or threonine, S-a-succinylcysteine, co- 
oligomers of diamines and amino acids, etc. 

Where the e-tags are used for mass detection, as with mass spectrometry, the e-tags 
need not be charged but merely differ in mass, since a charge will be imparted to the e-tag 
reporter by the mass spectrometer. Thus, one could use the same or similar monomers, where 
the functionalities would be neutral or made neutral, such as esters and amides of carboxylic 
acids. Also, one may vary the e-tags by isotopic substitution, such as 2 H, 18 0, 14 C, etc. 
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The e-tag may be linked by a stable bond or one, which may be cleavable, thermally, 
photolyticallv or chemically. There is an interest in cleaving the e-tag from the target-binding 
region in situations where cleavage of the target-binding region results in significant cleavage 
at other than the desired site of cleavage, resulting in satellite cleavage products, such as di- and 
5 higher oligonucleotides and this family of products interferes with the separation and detection 
of the e-tags However, rather than requiring an additional step in the identification of the tags 
bv releasing them from the base to which they are attached, one can modify' the target binding 
sequence to minimize obtaining cleavage at other than the desired bond, for example, the 
ultimate or penultimate phosphate link in a nucleic acid sequence. For immunoassays 
10 involving specific bindmg members, bonding of the e-tag will usually be through a cleavable 
bond to a convenient functionality, such as carboxy, hydroxy, amino or thiol, particularly as 
associated with proteins, lipids and saccharides. 

If present the nature of the releasable or cleavable link may be varied widely. 
Numerous linkages are available, which are thermally, photolytically or chemically labile. See, 
15 forexample U.S. Patent No. 5,721,099. Where detachment of the product from all or a portion 
of the target-binding region is desired, there are numerous functionalities and reactants, which 
may be used. Conveniently, ethers may be used, where substituted benzyl ether or derivatives 
thereof, e.g. benzhydryl ether, indanyl ether, etc. may be cleaved by acidic or mild reductive 
conditions. Alternatively, one may employ beta-elimination, where a mild base may serve to 
20 release the product. Acetals, including the thio analogs thereof, may be employed, where mild 
acid, particularly in the presence of a capturing carbonyl compound, may serve. By combining 
formaldehyde, HC1 and an alcohol moiety, an a-chloroether is formed. Th.s may then be 
coupled with an hydroxy functionality to form the acetal. Various photolabile linkages may be 
employed, such as o-nitrobenzyl, 7-nitroindanyl, 2-nitrobenzhydryl ethers or esters, etc 

For a list of cleavable linkages, see, for example, Greene and Wuts, Protective Groups 
in Organic Synthesis, 2 nd ed. Wiley, 1991 . The versatility of the various systems that have been 
developed allows for broad variation in the conditions for attachment of the e-tag entities. 

Various functionalities for cleavage are illustrated by: silyl groups being cleaved with 
fluoride, oxidation, acid, bromine or chlorine; o-nitrobenzyl with light; catechols with cerium 
30 salts olefins with ozone, permanganate or osmium tetroxide; sulfides with singlet oxygen or 
enzvme catalvzed oxidative cleavage with hydrogen peroxide, where the resulting sulfone can 
undergo elimination: furans with oxygen or bromine in methanol; tertiary alcohols with acid; 
ketals and acetals with acid; a- and (3-substituted ethers and esters with base, where the 
substituent is an electron withdrawing group, e.g., sulfone, sulfoxide, ketone, etc., and the like. 
35 Tn one embodiment, the electrophoretic tags will have a linker, which provides the 

linkage between the base and the detectable label molecule, usually a fluorescer, or a 
functionality which may be used for linking to a detectable label molecule. By havuig different 
functionalities, which may be individually bonded to a detectable label molecule, one enhances 
the opportunity for diversity of the electrophoretic tags. Using different fluorescers for joining 
40 to the different functionalities, the different fluorescers can provide differences in light 
emission and mass/charge ratios for the electrophoretic tags. 

For the most part, the linker may be a bond, where the label is directly bonded to the 
nucleoside or a link of from 1 to 500 or more, usually 1 to 300 atoms, more usually 2 to 100 
atoms in the chain. The total number of atoms in the chain will depend to a substantial degree 
45 on the diversity required to recognize all the snp's to be determined. The chain of the linker for 
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the most part will be comprised of carbon, nitrogen, oxygen, phosphorous, boron, and sulfur 
Various substituents may be present on the linker, which may be naturally present as part of the 
naturally occurring monomer or introduced by synthesis. Functionalities which may be present 
in the chain include amides, phosphate esters, ethers, esters, thioethers, disulfides, borate esters, 

5 sulfate esters, etc. The side chains include amines, ammonium salts, hydroxyl groups, 
including phenolic groups, carboxyl groups, esters, amides, phosphates, heterocycles 
particularly nitrogen heterocycles, such as the nucleoside bases and the ammo acid side chains, 
such as imidazole and quinoline, thioethers, thiols, or other groups of interest to change the 
mobility of the electrophoretic tag. The linker may be a homooligomer or a heteroohgomer, 

10 having different monomers of the same or different chemical characteristics, e.g., nucleotides 

and amino acids. ■«■«.!,♦ «■ 

The linker or mir may be joined in any convenient manner to a unit of the target- 
binding region, such as the base of the nucleoside or the ammo acid of a protein. Various 
functionalities which may be used include alkylamine, amidine, thioamide, ether, urea, 
1 5 thiourea, guanidine, azo, thioether and carboxylate, sulfonate, and phosphate esters, amides and 
thioesters 

The linkers may be oligomers, where the monomers may differ as to mass and charge. 
For convenience and economy, monomers will generally be commercially available, but if 
desired, they may be originally synthesized. Monomers which are commercially available and 
20 readily lend themselves to oligomerization include amino acids, both natural and synthetic, 

nucleotides, both natural and synthetic, and monosaccharides, both natural and synthetic, while 
other monomers include hydroxyacids, where the acids may be organic or morganic, e.g. 
carboxylic, phosphoric, boric, sulfonic, etc., and amino acids, where the acid is inorganic, and 
the like In some instances, nucleotides, natural or synthetic, may find use. The monomers 
25 may be neutral, negatively charged or positively charged. Normally, the charges of the 

monomers in the linkers will be the same, so that in referring to the mass/charge ratio, ,t will be 
related to the same charge. Where the label has a different charge from the linker or mir, this 
will be treated as if the number of charges are reduced by the number of charges on the linker 
or mir For natural amino acids, the positive charges may be obtained from lysine, arginine and 
30 histidine, while the negative charges may be obtained from aspartic and glutam.c acid. For 
nucleotides, the charges will be obtained from the phosphate and any substituents that may be 
present or introduced onto the base. For sugars.sialic acid, uronic acids of the vanous sugars, 
or substituted sugars may be employed. 

It will be understood that the mir or mobility/mass identifying region, also referred to 
35 herein as "L" M* C*, the mobility identifying region, the mobility region, the mobility 

modifying region,'the mobility modifier or Mj is the component of an e-tag or e-tag ^porter 
which has a known charge/mass ratio and imparts a known and unique electrophoretic mobility 
to an e-tag reporter comprising the mir or mobility modifier. 

The linker L may include charged groups, uncharged polar groups or be non-polar. 
40 The groups may be alkylene and substituted alkylenes, oxyalkylene and polyoxyalkylene, 
particularly alkylene of from 2 to 3 carbon atoms, arylenes and substituted arylenes, 
polyamides, polyethers, polyalkylene amines, etc. Substituents may include heteroatoms, such 
as halo, phosphorous, nitrogen, oxygen, sulfur, etc., where the substituent may be halo, mtro, 
cyano, non-oxo-carbonyl, e.g. ester, acid and amide, oxo-carbonyl, e.g. aldehyde and keto 
45 amidine, urea, urethane, guanidine, carbamyl, amino and substituted amino, particularly alkyl 
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substituted amino, azo, oxy, e.g. hydroxyl and ether, etc., where the substituents will 
generally be of from about 0 to 10 carbon atoms, while L will generally be of from about 1 to 
100 carbon atoms, more usually of from about 1 to 60 carbon atoms and preferably about 1 to 
36 carbon atoms. L will be joined to the label and the target-binding region by any convenient 
functionality, such as carboxy, amino, oxy, phospho, thio, iminoether, etc., where in many 
cases the label and the target-binding region will have a convenient functionality for linkage. 

The number of heteroatoms in L is sufficient to impart the desired charge to the label 
conjugate, usually from about 1 to about 200, more usually from about 2 to 100, heteroatoms. 
The heteroatoms in L may be substituted with atoms other than hydrogen. 

The charge- imparting moieties of L may be, for example, amino acids, 
tetraalkylammonium, phosphonium, phosphate diesters, carboxylic acids, thioacids, sulfonic 
acids sulfate groups, phosphate monoesters, and the like and combinations of one or more of 
the above The number of the above components of L is such as to achieve the desired number 
of different charge-imparting moieties. The amino acids may be, for example, lysine, aspartic 
acid, alanine, gamma-aminobutyric acid, glycine, p-alanine, cysteine, glutamic acid, 
homocysteine, p-alanine and the like. The phosphate diesters include, for example, dimethyl 
phosphate diester, ethylene glycol linked phosphate diester, and so forth. The thioacids include, 
by way of example, thioacetic acid, thiopropionic acid, thiobutyric acid and so forth. The 
carboxylic acids preferably have from 1 to 30 carbon atoms, more preferably, from 2 to 15 
carbon atoms and preferably comprise one or more heteroatoms and may be, for example, 
acetic acid derivatives, formic acid derivatives, succinic acid derivatives, citric acid denvat.ves, 
phytic acid derivatives and the like. 

Of particular interest for L is to have two sub-regions, a common charged sub-region, 
which will be common to a group of e-tags, and a varying uncharged, a non-polar or polar sub- 
region, that will van' the mass/charge ratio. This permits ease of synthesis, provides for 
relatively common chemical and physical properties and permits ease of handling. For 
negative charges, one mav use dibas.c acids that are substituted with functionahties that permit 
low orders of oligomerization, such as hydroxy and amino, where amino will usually be present 
as neutral amide. These charge-imparting groups provide aqueous solubility and allow for 
various levels of hydrophobic^ in the other sub-region . Thus the uncharged sub-region could 
employ substituted dihvdroxybenzenes, diaminobenzenes, or aminophenols, with one or greater 
number of aromatic rings, fused or non-fused, where substituents may be halo, mtro, cyano, 
alkyl. etc.. allowing for great variation in molecular weight by using a common building block. 
Where the other regions of the e-tag impart charge to the e-tag, L may be neutral. 

In one preferred embodiment of the present invention, the charge-imparting moiety is 
conveniently composed primarily of amino acids but also may include thioacids and other 
carboxylic acids having from one to five carbon atoms. The charge imparting moiety may have 
from 1 to 30, preferably 1 to 20, more preferably, 1 to 10 amino acids per moiety and may also 
comprise 1 to 3 thioacids or other carboxylic acids. However, when used with an uncharged sub- 
region the charged sub-region will generally have from 1 - 4, frequently 1 - 3 ammo acids. As 
mentioned above, any amino acid, both naturally occurring and synthetic, may be employed. 
The e-tag for use in electrophoresis may be represented by the formula: 

R-L-T 
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where.n R is a label, particularly a fluoresce, L is a mir, a bond or a linking group 
where L and the regions to which L is attached prov.de for the variation in mobility of die e- 
a^ T conges a portion of the targeting region, particularly a nucleoside base, punne 
^vrimidil and is the base, a nucleos.de, nucleotide or nucleotide tnphosphate, an amino 

5 a ,d ir naturally occurnng or synthetic, or other functionary that may serve to participate 
in the svnthesis of an oligomer, when T is retained, and is otherwise a functionality resulting 
from X lavage between L, the mir, and the target-binding region. L provides a major factor 
ml dkrence's in mobility between the different e-tags, « combination with ihehWjnd 
any residual entity, which remain with the mir. L may or may not include a cleavable linker, 

, 0 depending upon whether the terminal entity to which L is attached i. to be retained or 

TOmPlete !^^ L has been substantially described as the mir 

and as indicated previously may include charged groups, uncharged polar groups or be non- 
polar The groups mav be alkylene and substituted alkylenes, oxyalkylene and 
,5 polvoxvalkylene particular.y alkylene of from 2 to 3 carbon atoms, arv.enes and substituted 
a^ enes polyamides. polyethers, polyalky.enc amines, etc. Substituents may include 
het^oa onTs'such as halo, phosphorous, nitrogen, oxygen, sulfur, etc where the substi uent 
mav be halo, nitro. cvano, non-oxo-carbonyl, e.g. ester, acid and am.de, <*°^^«. 
Tdehvde and keto! am.d.ne, urea, urethane, guan.dine, carbamyl, amino and substitu ed ammo, 
20 particular^ alkvl substituted amino, azo, oxy, e.g. hydroxyl and ether, etc, where the 

ub tiLnis will generally be of from about 0 to 10 carbon atoms, while L will generally be of 
from about 1 to 100 carbon atoms, more usually of from about 1 to 60 carbon atoms and 
prXllv about 1 to 36 carbon atoms. L will be joined to the label and the target-binding 
^gtn ^v convenient functionality, such as carboxy, amino, oxy phospo, thio, iminoether, 
25 etc where in many cases the label and the target-binding region will have a convenient 

in L i. sufficient to impart the desired charge to the label 
eoniugate. usually from about 1 to about 200, more usually from about 2 to 100, heteroatoms. 
The hetcroatoms'in L may be substituted with atoms other than hydrogen 
30 In one embodiment of the present invention the label conjugates having . different 

charge to mass ratios may comprise fluorescent compounds, each of w hich are linked to 
molecules that impart a charge to the fluorescent compound conjugate. As 
previously desirably the linking group has an overall negative charge, preferably having in the 
call of a plurality of groups, groups of the same charge, where the total charge may be reduced 
35 by having one or more oppositely charged moiety. 

Of particular interest for L is to have two sub-regions, a common charged sub-region, 
which wil. be common to a group of e-tags, and a varying uncharged a non-polar or po ar sub- 
reg,on, that will vary the mass/charge ratio. This permits ease of synthesis, provides for 
relatively common chemical and physical properties and permits ease of handl ng. For 
40 Tegatlv charges one mav use dibasic acds that are substituted w,th functionalities that permit 
40 Tc^^n^ such as hydroxy and ammo, where amino will usuaUy be ^esent 
as neutral amide. These charge imparting groups provide aqueous solubility and allow for 
"evTs of hydrophobic^ in the other sub-region.. Thus the uncharged -J^ 
employ substituted dihydroxybenzenes, diaminobenzenes, or 
45 number of aromatic rings, fused or non-fused, where substituents may be halo, n,tro, cyano, 
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alkyL etc.. allowing for great variation in molecular weight by using a common building 
block Where the other regions of the e-tag impart charge to the e-tag, L may be neutral. 

In some instances, where release of the e-tag results in an available functionality that 
can be used to react with a detectable label, there will be no need for R to be a functionality. 
The release of the e-tag can provide an hydroxvl amino, carboxy or thiol group, where each 
may serve as the site for conjugation to the detectable label. To the extent that the e-tag is 
released free of a component of the target-binding region, this opportunity will be present. In 
that case R is the unreactive (under the conditions of the conjugation) terminus of L and T is a 
functionality for release of the e-tag that may be joined to all or a portion of the target-binding 
region or may be available for binding to all or a portion of the target-binding region. 

Conjugates of particular interest comprise a fluorescent compound and a different 
amino acid or combinations thereof in the form of a peptide or combinations of amino acids 
and thioacids or other carboxylic acids. Such compounds are represented by the formula: 

R'-L'-T' 

wherein R' is a fluoresces U is an amino acid or a peptide or combinations of amino acids and 
thioacids or other carboxylic acids and T is a functionality for linking to a nucleoside base or 
is a nucleoside, nucleotide or nucleotide triphosphate. 

In a particular embodiment the label conjugates may be represented by the formula: 
Fluorescer-L' '-(amino acid) n - T" 
wherein L" is a bond or a linking group of from 1 to 20 atoms other than hydrogen, n is 1 to 
20 and T" comprises a nucleoside base, purine or pyrimidine, including a base, a nucleoside a 
nucleotide or nucleotide triphosphates, an amino acid, or functionality for hnking to the target- 
binding region. An example of label conjugates in this embodiment, by way of illustration and 
not limitation, is one in which the fluorescer is fluorescein, L" is a bond in the form of an 
amide linkage involving the meta-carboxyl of the fluorescein and the terminal amine group of 
lysine, and T" is a nucleotide triphosphate. These label conjugates may be represented as 

follows: ^ TTTW • -jx rnv" 

Fluorescein-(CO)NH-CH(CH 2 ) 3 CH(NH 2 )(amino acid) n COX 
wherein X is as set forth in Table 1 . 
Table 1. 



No. 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 
22 



OH 



NH-lysine 



NH-(lysine) 2 



NH-alanine 



NH-aspartic acid 



NH-(aspartic acid) 2 



NH-(aspartic acid) 3 



NH-(aspartic acid) 



NH-(aspartic acid) : 



NH-(aspartic acid) 6 



NH-(aspartic acid)? 



NH-alanine-lysine 



NH-aspartic acid-lysine 



NH-(aspartic acid)? -lysine 



NH-(aspartic acid)^ -lysine 



NH-(aspartic acid) 4 -lysine 



NH-(aspartic acid)<; -lysine 



NH-(aspartic acid)* -lysine 



NH-(aspartic acid) 7 -lysine 



NH-(aspartic acid) R -lysine 



NH-(lysine) 4 
NH-(lysine) 5 



Charge 



1 



neutral 



-4 



-6 



-8 



-10 



■2 (unique q/M) 



-3 (unique q/M) 



-4 (unique q/M) 



5 (unique q/M) 



-6 (unique q/M) 



-7 (unique q/M) 



8 (unique q/M) 



-9 (unique q/M) 



10 (unique q/M) 



+2 



21 



Attorney Docket No. 0225-0033.20 



wherein q is charge, M is mass and mobility is q/M* 3 . Examples of such label conjugates are 
shown in Fig. 1C. Table 2 shows various characteristics for the label conjugates. 

Table 2. Vari ous Characteristics For The Label Conjugates. 




J 

Another group of e-tags has a mir which is dependent on using an alkylene or 
aralkylene (comprising a divalent aliphatic group having 1 - 2 aliphatic regions and I - 2 
aromatic regions, generally benzene), where the groups may be substituted or unsubstituted, 
usuallv unsubstituted, of from 2 - 16, more usually 2 - 12, carbon atoms, where the m.r may 

1 0 link the same or different fluoresces to a monomeric unit, e.g. a nucleotide. The mir may 
terminate in a carboxy, hydroxy or amino group, being present as an ester or amide. By 
varying the substituents on the fluorophor, one can vary the mass in units of at least 5 or more, 
usually at least about 9. so as to be able to obtain satisfactory separation in capillary 
electrophoresis To provide further variation, a thiosuccinimide group may be employed to join 

1 5 alkylene or aralkylene groups at the nitrogen and sulfur, so that the total number of carbon 
atoms may be in the range of about 2 - 30, more usually 2 - 20. Instead of or in combination 
with the above groups and to add hydrophilicity, one may use alkyleneoxy groups. 

Besides the nature of the mir, as already indicated, diversity can be achieved by the 
chemical and optical characteristics of the label, the use of energy transfer complexes, variation 

20 in the chemical nature of the mir, which affects mobility, such as folding, interaction with the 
solvent and ions in the solvent, and the like. A a already s ugge o tedln one, embodiment of the 
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invention , the mir will usually be an oligomer, where the mir may be synthesized on a support 
or produced bv cloning or expression in an appropriate host. Conveniently, polypeptides can 
be produced where there is only one cysteine or serine/threonine/tyrosine, aspartic/glutamic 
acid or lysine/arginine/histidine, other than an end group, so that there is a unique 
functionality, which may be differentially functionalized. By using protective groups, one can 
distinguish a side chain functionality from a terminal amino acid functionality. Also, by 
appropriate design, one may provide for preferential reaction between the same functionalities 
present at different sites on the mir. Whether one uses synthesis or cloning for preparation of 
oligopeptides, will to a substantial degree depend on the length of the mir. 

Substituted aryl groups can serve as both mass- and charge-modify ing regions (Figure 
2) Various functionalities may be substituted onto the aromatic group, e.g. phenyl, to provide 
mass as well as charges to the e-tag reporter. The aryl group may be a terminal group, where 
only one linking functionality is required, so that a free hydroxyl group may be acylated, may- 
be attached as a side chain to an hydroxyl present on the e-tag reporter chain, or may have two 
i functionalities, e.g. phenolic hydroxyls, that may serve for phophite ester formation and other 
substituents, such as halo, haloalkyl, nitro, cyano, alkoxycarbonyl, alkylthio, etc. where the 
groups may be charged or uncharged. 

The label conjugates may be prepared utilizing conjugating techniques that are well 
known in the art. The charge-imparting moiety L may be synthesized from smaller molecules 
20 that have functional groups that provide for linking of the molecules to one another, usually in a 
linear chain. Such functional groups include carboxylic acids, amines, and hydroxy- or thiol- 
groups In accordance with the present invention the charge-imparting moiety may have one or 
more side groups pending from the core chain. The side groups have a functionality to provide 
for linking to a label or to another molecule of the charge-imparting moiety. 
25 Common functionalities resulting from the reaction of the functional groups employed are 

exemplified by forming a covalent bond between the molecules to be conjugated. Such 
functionalities are disulfide, amide, thioamide, dithiol, ether, urea, thiourea, guanidme, azo, 
thioether, carboxylate and esters and amides containing sulfur and phosphorus such as, e.g. 
sulfonate, phosphate esters, sulfonamides, thioesters, etc., and the like. 
30 The electrophoretic tags comprise a linker, which provides the linkage between the 

base and the fluorescent molecule or a functionality which may be used for linking to a 
fluorescent molecule. By having different functionalities that may be individually bonded to a 
detectable label, one enhances the opportunity for diversity of the e-tags. Using different 
fluoresces for joining to the different functionalities, the different fluoresces can provide 
3 5 differences in light emission and mass/charge ratios for the e-tags. 

B. Electro phoretic Tags For Use In Electrophoresis 

The electrophoretic tag, which is detected, will comprise the mir, generally a label, and 
optionally a portion of the target-binding region, all of the target-binding region when the target 

40 is an enzyme and the target-binding region is the substrate. Generally, the electrophoretic tag 
will have a charge/mass ratio in the range of about -0.0001 to 0.1, usually in the range of about 
-0.001 to about 0.5. Mobility is q/M 273 , where q is the charge on the molecule and M is the 
mass of the molecule. Desirably, the difference in mobility under the conditions of the 
determination between the closest electrophoretic labels will be at least about 0.001, usually 

45 0.002, more usually at least about 0.01, and may be 0.02 or more. 



23 



Attorney Docket No. 0225-0033.20 



In those instances where a label is not present on the e-tag bound to the target-binding 
moietv a snp detection sequence), the mixture may be added to a functionahzed 
fluorescent tags to label the e-tag with a fluorescer. For example, where a thiol group is 
present the fluorescer could have an activated ethylene, such as maleic ac.d to form the 
thioether. For hydroxyl groups, one could use activated halogen or pseudohalogen for forming 
an ether such as an a-haloketone. For carboxyl groups, carbodiimide and appropriate amines 
or alcohols would form amides and esters, respectively. For an amine, one could use activated 
carboxylic acids, aldehydes under reducing conditions, activated halogen or pseudohalogen, 
etc When synthesizing oligopeptides, protective groups are used. These could be retained 
while the fluorescent moiety is attached to an available functionality on the oligopeptide. 



25 



C. Ca pture Ligands 

Other reagents that are useful include a ligand-modified nucleotide and its receptor. 
Ligands and receptors include biotin and strept/avidin, ligand and antiligand, e.g. digoxin or 
derivative thereof and antidigoxin, etc. By having a ligand conjugated to the oligonucleotide, 
one can sequester the eTag conjugated oligonucleotide probe and its target with the receptor, 
remove unhybridized eTag reporter conjugated oligonucleotide and then release the bound 
eTag reporters or bind an oppositely charged receptor, so that the ligand -receptor complex 
with the eTag reporter migrates in the opposite direction. 
20 Tn on* exemplary of capture ligands, a snp detection sequence may be further 

modified to improve separation and detection of the released e-tags. By virtue of the difference 
in mobility of the e-tags, the snp detection sequences will also have different mobilities. 
Furthermore, these molecules will be present in much larger amounts than the released e-tags, 
so that they may obscure detection of the released e-tags. Also, it is desirable to have 
negatively charged snp detection sequence molecules, smce they provide for higher enzymatic 
activity and decrease capillary wall interaction. Therefore, by providing that the intact snp 
detection sequence molecule can be modified with a positively charged moiety, but not the 
released e-tag, one can change the electrostatic nature of the snp detection sequence molecules 
during the separation. By providing for a capture ligand on the snp detection sequence 
30 molecule to which a positively charged molecule can bind, one need only add the positively 
charged molecule to change the electrostatic nature of the snp detection sequence molecule. 
Conveniently, one will usually have a ligand of under about 1 kDa. This may be exemplified 
by the use of biotin as the ligand and avidin, which is highly positively charged, as the receptor 
rapture aeentVpositively charged molecule. Instead of biotin/avidin, one may have other 
35 pairs, where the receptor, e.g. antibody, is naturally positively charged or is made so by 

conjugation with one or more positively charged entities, such as arginine, lysine or histidine, 
ammonium, etc. The presence of the positively charged moiety has many advantages in 
substantially removing the snp detection sequence molecules. 

If desired the receptor may be used to physically sequester the molecules to which it 
40 binds removing entirely intact e-tags containing the target-binding region or modified target- 
binding regions retaining the ligand. These modified target-binding regions may be as a result 
of degradation of the starting material, contaminants during the preparation, aberrant cleavage, 
etc or other nonspecific degradation products of the target binding sequence. As above, a 
ligand, exemplified by biotin, is attached to the target-binding region, e.g. the penultimate 
45 nucleoside, so as to be separated from the e-tag upon cleavage. 
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After ftea5' nuclease assay, a receptor for the ligand, for biotin exemplified by 
strept/avidin (hereafter "avidin") is added to the assay mixture (Example 10) . Other receptors 
include natural or synthetic receptors, such as immunoglobulins, lectins, enzymes, etc. 
Desirably the receptor is positively charged, naturally as in the case of avidin, or is made so, by 
the addition of a positively charged moiety or moieties, such as ammonium groups, basic ammo 
acids etc Avidin binds to the biotin attached to the detection probe and its degradation 
products Avidin is positively charged, while the cleaved electrophoretic tag is negatively 
charged Thus the separation of the cleaved electrophoretic tag from, not only uncleaved probe, 
but also its degradation products, is easily achieved by using conventional separation methods. 
Alternatively the receptor may be bound to a solid support or high molecular weight 
macromolecule, such as a vessel wall, particles, e.g. magnetic particles, cellulose, agarose, etc., 
and separated by physical separation or centrifugation, dialysis, etc. This method further 
enhances the specificity of the assay and allows for a higher degree of multiplexing. 

As a general matter, one mav have two ligands, if the nature of the target-binding 
I moietv permits. As described above, one ligand can be used for sequestering e-tags bound to 
the target-binding region, retaining the first Hgand from products lacking the first ligand. 
Isolation and concentration of the e-tags bound to a modified target-binding region lack.ng the 
first ligand would then be performed. In using the two ligands, one would first combine the 
reaction mixture with a first receptor for the first ligand for removing target-bind, ng region 
20 retaining the first hgand. One could either separate the first receptor from the composition or 
the first receptor would be retained in the composition, as described. This would be followed 
bv combining the resulting composition, where the target-binding region containing the first 
hgand is bound to the first receptor, with the second receptor, which would serve to isolate or 
enrich for modified target-binding region lacking the first ligand, but retaining the second 
25 ligand The second ligand could be the detectable label; a small molecule for which a receptor 
is available, e.g. a hapten, or a portion of the e-tag could serve as the second ligand. After the 
product is isolated or enriched, the e-tag could be released by denaturation of the receptor, 
displacement of the product, high salt concentrations and/or organic solvents, etc. 

For e-tags associated with nucleic acid sequences, improvements include employing 
30 a blocking linkage between nucleotides in the sequence, particularly at least one of the links 
between the second to fourth nucleotides to inhibit cleavage at this or subsequent sites, and 
using control sequences for quantitation. Further improvements in the e-tags provide for 
having a positively multicharged moiety joined to the e-tag probe during separation. 

While the ligand may be present at a position other than the penultimate position and 
35 one may make the ultimate linkage nuclease resistant, so that cleavage is directed to the 
penultimate linkage, this will not be as efficient as having cleavage at the ultimate linkage. 

The above are generally applicable not only to generating a single e-tag per sequence 
detected but also to generation of a single oligonucleotide fragment for fragment separation 
and identification by electrophoresis or by mass spectra, as it is essential to get one fragment 
40 per sequence detected. For purpose of explanation, these methods are illustrated below. 
Figures 3A-C provide a schematic illustration of the generalized methods of the invention 
employing a nucleotide target and a 5' exonuclease indicating that only one eTag is generated 
per target for maximum multiplexing capabilities. 
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D. E-tae Reagents - Synthesis 
The chemistry for performing the types of syntheses to form the charge-imparting 
moiety or mobility modifier as a peptide chain is well known in the art. See, for example, 
Marglin, et al, Ann. Rev. Biochem. (1970) 39:841-866. In general, such syntheses involve 
blocking, with an appropriate protecting group, those functional groups that are not to be 
involved in the reaction. The free functional groups are then reacted to form the desired 
linkages. The peptide can be produced on a resin as in the Merrifield synthesis (Merrifield, J, 
Am. Chem. Soc. (1980) 85:2149-2154 and Houghten et al, Int. J. Pep. Prot. Res. (1980) 
16:3 1 1-320. The peptide is then removed from the resin according to known techniques. 

A summary of the many techniques available for the synthesis of peptides may be 
found in J. M. Stewart, et al., "Solid Phase Peptide Synthesis, W. H. Freeman Co, San 
Francisco (1969); and J. Meienhofer, "Hormonal Proteins and Peptides", (1973), vol. 2, p 46, 
Academic Press (New York), for solid phase peptide synthesis; and E. Schroder, et al, "The 
Peptides, vol. 1, Academic Press (New York), 1965 for solution synthesis. 
1 5 In general, these methods comprise the sequential addition of one or more amino acids, 

or suitably protected amino acids, to a growing peptide chain. Normally, a suitable protecting 
group protects either the amino or carboxyl group of the first amino acid. The protected or 
derivatized amino acid can then be either attached to an inert solid support or utilized in 
solution by adding the next amino acid in the sequence having the complementary (amino or 
20 carboxyl) group suitably protected, under conditions suitable for forming the amide linkage. 
The protecting group is then removed from this newly added amino acid residue and the next 
amino acid (suitably protected) is then added, and so forth. After all the desired amino acids 
have been linked in the proper sequence, any remaining protecting groups (and any solid 
support) are removed sequentially or concurrently, to afford the final peptide. The protecting 
25 groups are removed, as desired, according to known methods depending on the particular 
protecting group utilized. For example, the protecting group may be removed by reduction 
with hydrogen and palladium on charcoal, sodium in liquid ammonia, etc.; hydrolysis with 
trifluoroacetic acid, hydrofluoric acid, and the like. 

In one exemplary approach, after the synthesis of the peptide is complete, the peptide is 
30 removed from the resin by conventional means such as ammonolysis, acidolysis and the like. 
The fully deprotected peptide may then be purified by techniques known in the art such as 
chromatography, for example, adsorption chromatography, ion exchange chromatography, 
partition chromatography, high performance liquid chromatography, thin layer 
chromatography, and so forth. 
35 As can be seen, the selected peptide representing a charge-imparting moiety may be 

synthesized separately and then attached to the label either directly or by means of a linking 
group. On the other hand, the peptide may be synthesized as a growing chain on the label. In 
any of the above approaches, the linking of the peptide or amino acid to the label may be 
carried out using one or more of the techniques described above for the synthesis of peptides or 

40 for linking moieties to labels. 

Synthesis of e-tags comprising nucleotides can be easily and effectively achieved via 
assembly on a solid phase support during probe synthesis, using standard phosphoramidite 
chemistries. The e-tags are assembled at the 5 end of probes after coupling of a final 
nucleosidic residue, which becomes part of the e-tag during the assay. 
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In one approach, the e-tag probe is constructed sequentially from a single or several 
monomeric phosphoram.d.te building blocks (one containing a dye res.due). which are chosen 
to generate tags with unique electrophoretic mobilities based on their mass to charge ratio. The 
e-tag probe is thus composed of monomenc units of variable charge to mass ratios bridged by 
phosphate linkers. Fi pnre 4 illustrates the design and synthesis of e-tags using a LabCard 
(Detection: 4.7 cm; 200 V/cm) and standard phosphoramidite coupling chemistry.). The 
separation of e-tags on a LabCard (Figure 5) has been demonstrated. 

The penultimate coupling during probe synthesis is initially canned out using 
commercially available modified (and unmodified) phosphoramidites. Figure 7 shows the 
structure of several mobility-modified nucleic acid phosphoramidites that can be employed at 
the penultimate coupling during e-tag probe synthesis on a standard DNA synthesizer. 

This residue is able to form hydrogen bonds to its partner in the target strand and is 
considered a mass modifier but could potentially be a charge modifier as well. The phosphate 
bridge formed during this coupling is the hnkage severed during the 5'-nuclease assay. The 
final coupling is done using a phosphoramidite analogue of a dye. Fluoresced is convemently 
employed, but other dyes can be used as well. 

Figure 6 illustrates predicted and experimental (*) elution times of e-tag reporters. C 3 , 
C 6 C 9 and C lg are commercially available phosphoramidite spacers from Glen Research, 
Sterhng VA The units are derivatives of N,N-d..sopropyl, O-cyanoethyl phosphoramidite, 
which is indicated bv «Q". C 3 is DMT (dimethoxytrityl)ox>propyl Q; C 6 is DMToxyhexvl Q; 
Cis DMToxv(triethyleneoxy) Q; C 12 is DMToxydodecyl Q; C„ is DMToxy(hexaethyleneoxy) 
Q. e-tags are synthesized to generate a contiguous spectrum of signals, one eluting after 
another with none of them coeluting (Figure 8). 

All of the above e-tags work well and are easily separable and elute at 40 minutes. 1 o 
25 generate tags that elute faster, highly charged low molecular weight tags are typically 

emploved. Several types of phosphoramidite monomers allow for the synthesis of highly 
charged tags with early elution times. Use of dicarboxylate phosphoramidites (Figure 9, left) 
allows for the addition of 3 negative charges per coupling of monomer. A variety of 
fluorescein denvatives (Figure 9jight) allow the dye component of the tag to earn' a higher 
30 mass than standard fluorescein. Polyhydroxylated phosphoramidites (Figure 10) in 
combination with a common phosphorylation reagent enable the synthesis of highly 
phosphorvlated tags. Combinations of these reagents with other mass modifier linker 
phosphoramidites allow for the synthesis of tags with early elution times. 

The aforementioned label conjugates with different electrophoretic mobile permit a 
35 multiplexed amplification and detection of multiple targets, e.g. nucleic acid targets. The label 
conjugates are linked to oligonucleotides in a manner similar to that for labels m general by 
means of linkages that are enzymatically cleavable. It is, of course, within the purview- of the 
present invention to prepare any number of label conjugates for performing multiplexed 
determinations. Accordingly, for example, with 40 to 50 different label conjugates separated in 
40 a single separation channel and 96 different amplification reactions with 96 separation channels 
on a single plastic ch.p, one can detect 4000 to 5000 single nucleotide polymorphisms. 

One exemplary synthetic approach is outlined in Figure U. Starting with 
commercially available 6-carboxy fluorescein, the phenolic hydroxyl groups are protected 
using an anhydride. Isobutyric anhydride in pyridine was employed but other variants are 
45 equally suitable. It is important to note the significance of choosing an ester functionality as 
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the protecting group. This species remains intact though the phosphoramid, te monome 
synthesis as well as dunng oligonucleotide construction. These groups are not removed ^untd 
the svnthes 1Z ed oligo is deprotected using — . After protectee crude -tenal^en 
activated in situ via formation of an N-hydroxy succ.nimide ester (NHS-es er) usmg DCC as a 
5 coupling agent. The DCU byproduct is filtered away and an amino alcohol is added. Many 
ami a cohols are commercially available some of which are denved from reduction of amino 
"ds Only the amine is reactive enough to displace N-hydroxy succimmide. Upon standard 
extractive workup, a 95% yield of product is obtained. This material is phosplutyla ed to 
generate the phosphoramidite monomer (Figure 11). For the synthesis of additional e-tags^ a 
,0 Symmetrical bis-ammo alcohol linker is used as the amino alcohol (Figure 12 . Assuch,the 
second amine is then coupled with a multitude of carboxylic acid denvatives (exemplified by 
several possible benzoic acid derivatives shown in Figure 2) prior to the 
reaction Usmg this methodology hundreds, even thousands of e-tags with varying charge to 
mass ratios can easily be assembled dunng probe synthesis on a DNA synthesizer usmg 

15 standard chemistries. 

Alternatively, e-tags are accessed via an alternative strategy that uses 5- 
aminofluorescein as starting material (Figure 13). Addition of 5 ^»^ 
excess of a chacid dichlonde in a large volume of solvent allows for the predominant formation 
Tfle monoacylated product over dimer formation. The phenolic groups are not reactive under 
20 these conditions. Aqueous workup converts the terminal acid chloride to a 

This product is analogous to 6-carboxyfluorescein, and using the same senes of steps is 
converted to its protected phosphoramidite monomer (Figure 13). There are many 
commercially available diacid dichondes and diacids, which can be converted to diac.d 
dichlorides using SOCl 2 or acetyl chloride. This methodology is highly attractive in that a 
25 second mobility modifier is used. As such, if one has access to 10 commercial modified 

phosphoramidL and 10 diacid dichlondes and 10 ammo alcohols there is a po*nt,al for 000 
different e-tags. There are many commercial diacid dichlorides and ammo alcohols (Figure 
14) These synthetic approaches are ideally suited for combinatorial *emistry. 
_ A variety of maleimide-derivatized e-tags have also been synthesized. These 
30 compounds were subsequently bioconjugated to 5'-thiol adorned DNA sequences and subjected 
to the 5'-nuclease assay. The species formed upon cleavage are depicted in Figure 15. 

The eTag *peL may be assembled having an appropriate functionality at one end for 
Unking to the binding compound. Thus for oligonucleotides, one would have a 
phosphoramidrte or phosphate ester at the linking site to bond to an oll g7^ 0t * d t ; C ^ solid 
35 either 5' or 3', particularly after the oligonucleotide has been synthesized, while still on a solid 
support and before the blocking groups have been removed. While other techniques exist for 
lining the oligonucleotide to the eTag reporter-, such as having a functionality at the 
ongonucleotide terminus that specifically reacts with a functionality on the eTag reporter, such 
al mSeimide and thiol, or ammo and carboxy, or amino and keto under reductive amination 
40 conditions the phosphoramidite addition is preferred. For a peptide-binding compound a 
^tfJLLm can be employed, much as with the oligonucleotide fonctionality, 
although phosphoramidite chemistry may only occasionally be appropriate. Thus the 
itnZnlies normally present in a peptide, such as carboxy, amino, hydroxy and thiol may be 
the targets of a reactive functionality for forming a covalent bond. 
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Of particular interest in preparing eTag reporter labeled nucleic acid binding 
compounds (e-tag probes) is using the solid support phosphoramidite chemistry to build the 
eTag reporter as part of the oligonucleotide synthesis. Using this procedure, one attaches the 
next succeeding phosphate at the 5' or 3' position, usually the 5' position of the oligonucleotide 
chain The added phosphoramidite may have a natural nucleotide or an unnatural nucleotide. 
Instead of phosphoramidite chemistry, one may use other types of linkers, such as thio analogs, 
amino acid analogs, etc. Also, one may use substituted nucleotides, where the mass-modifying 
region and/or the charge-modifying region may be attached to the nucleotide, or a hgand may 
be attached to the nucleotide. In this way, phosphoramidite links are added comprising the 
regions of the eTag reporter probe, whereby when the synthesis of the oligonucleotide chain is 
completed one continues the addition of the regions of the eTag reporter to complete the 
molecule Conveniently, one would provide each of the building blocks of the different regions 
with a phosphoramidite or phosphate ester at one end and a blocked functionality, where the 
free functionality can react with a phosphoramidite, mainly a hydroxyl. By using molecules for 
the different regions that have a phosphoramidite at one site and a protected hydroxyl at another 
site, the eTag reporter probe can be built up until the terminal region, which does not require 
the protected hydroxyl. 

Illustrative of the synthesis would be to employ a diol, such as an alkylene diol, 
polvalkylene diol, with alkylene of from 2 to 3 carbon atoms, alkylene amine or poly(alkylene 
amine) diol. where the alkylenes are of from 2 to 3 carbon atoms and the nitrogens are 
substituted, for example with blocking groups or alkyl groups of from 1 - 6 carbon atoms, 
where one diol is blocked with a conventional protecting group, such as a dimethyltntyl group. 
This group can serve as the mass-modifying region and with the amino groups as the charge- 
modifying region as well. If desired, the mass modifier can be assembled using building blocks 
that are joined through phosphoramidite chemistry. In this way the charge modifier can be 
interspersed between within the mass modifier. For example, one could prepare a series of 
polyethylene oxide molecules having 1, 2, 3 ... n units. Where one wished to introduce a 
number of negative charges, one could use a small polyethylene oxide unit and build up the 
mass and charge-modifying region by having a plurality of the polyethylene oxide units joined 
by phosphate units. Alternatively, by employing a large spacer, fewer phosphate groups would 
be present, so that without large mass differences, one would have large differences in mass-to- 
charge ratios. 

The chemistry that is employed is the conventional chemistry used m oligonucleotide 
synthesis, where building blocks other than nucleotides are used, but the reaction is the 
conventional phosphoramidite chemistry and the blocking group is the conventional 
dimethoxyltrityl group. Of course, other chemistries compatible with automated synthesizers 
can also be used, but there is no reason to add additional complexity to the process. 

For peptides, the e-tags will be linked in accordance with the chemistry of the linking 
group and the availability of functionalities on the peptide-binding compound. For example, 
with Fab' fragments specific for a target compound, a thiol group will be available for using an 
active olefin, e.g. maleimide, for thioether formation. Where lysines are available, one may use 
activated esters capable of reacting in water, such as nitrophenyl esters or pentafluorophenyl 
esters, or mixed anhydrides as with carbodiimide and half-ester carbonic acid. There is ample 
chemistry for conjugation in the literature, so that for each specific situation, there is ample 
precedent in the literature for the conjugation. 
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For separations based on sorption, adsorption and/or absorption, the nature of the e- 
tag reporters to provide for differentiation can be relatively simple. By using differences in 
composition, such as aliphatic compounds, aromatic compounds and halo derivatives thereof, 
one may make the determinations with gas chromatography, with electron capture or negative 
ion mass spectrometry, when electronegative atoms are present. In this way one may use 
hvdrocarbons or halo-substituted hydrocarbons as the e-tag reporters bonded to a releasable 
linker See U S Patent nos. 5,565,324 and 6,001,579, which are specifically incorporated by 
reference as to the relevant disclosure concerning cleavable groups and detectable groups. 



25 



10 E. Sets of e-taes 

The libraries will ordinarily have at least about 5 members, usually at least about 10 
members and may have 100 members or more, for convenience generally having about >0 - 73 
members. Some members may be combmed in a single container or be provided tn individual 
containers, depending upon the region to which the mir is attached. The members of the library 
1 5 will be selected to provide clean separations in electrophoresis, when capillary electrophoresis 
is the analytical method. To that extent, mobilities will differ as described above where the 
separations may be greater, the larger the larger the number of molecules in the band to be 
analyzed Particularly, non-sieving media may be employed in the separation. 

' Besides the nature of the linker, mobility modtfer or mir, as already indicated diversity 
20 can be achieved by the chemical and optical characteristics of the fluorescer, the use of energy 
transfer complexes, variation in the chemical nature of the linker, which affects mobility, such 
as folding, interaction with the solvent and ions in the solvent, and the like. As already 
suggested, the linker will usually be an oligomer, where the linker may be synthesized on a 
support or produced by cloning or expression in an appropriate host. Conveniently, 
polypeptides can be produced where there is only one cysteine or serine/threonine/tyros.ne, 
aspartic/glutamic acid, or lysine/arginine/histidine, other than an end group, so that there is a 
unique functionality which may be differentially nationalized. By using protective groups, 
one can distinguish a side chain functionality from a terminal amino acid functionality. Also, 
by appropriate design, one may provide for preferential reaction between the same 

functionalities present at different sites on the linking group. Whether one uses syn hesis or 
cloning for preparation of oligopeptides, will to a substantial degree depend on the length of the 
linker 

' Depending upon the reagent to which the e-tag is attached, there may be a single e-tag 
or a plurality of e-tags. generally ranging from about 1 - 100, more usually ranging from about 
1 - 40 more particularly ranging from about 1 - 20. The number of e-tags bonded to a single 
target-binding region will depend upon the sensitivity required, the solubility of the e-tag 
conjugate, the effect on the assay of a plurality of e-tags, and the like. For oligomers or 
polymers such as nucleic acids and poly(amino acids), e.g. peptides and proteins, one may 
have one or a plurality of e-tags, while for synthetic or naturally occurring non-ohgomenc 
compounds, usually there will be only 1 - 3, more usually 1 - 2 e-tags. 

For 20 different e-tag reporters, one only requires 5 different mass-modifying regions 
one phosphate link and four different detectable regions. For 120 e-tag reporters, one need only 
have 10 different mass-modifying regions, 3 different charge-modifying regions and 4 different 
detectable regions. For 500 different e-tag reporters, one need only have 25 different mass- 
45 modifying regions, 5 different charge-modifying regions and 4 different detectable regions. 
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TTT n/i^hr.rk for I Tse of the e -ta£ Technology 

techniques where heterogeneous normally involves a separation step, where unbound label ,s 
5 eparL from bound iabel, where homogeneous assays do not require, but may emp^ a 
oration step One group of assays will involve nucleic acid detection, which include 
ZTcTr 2gnit,on sup detection and scoring, transcription analysis, allele determinations, 
HLA deL™ Ions, or other determination assoeiated w,,h vanattons ,„ sequence, T e use of 
*elerrn,na.,o„ may be forens.e, mRNA determ,na,,ons. mutation determmat.on, allele 
10 determtnations, MHC determinations, haplotype determinations, single nucleotide 

plnorphism determinations, ete. The methodology may melude assays — " I, 
nuclease activitv. as ,n the use of the polymerase eham reaction or ,n Invader techno og>. , 
2 tZ ctiv,.;. restriction enzymes, or ribonuclease H. A., of these methods involving 
71Z cleavage of a phosphate linkage, where one ,0 two oligonucleotides are bound to the 

' 5 tarSel Tuition, the sublet heterogeneous assays require that the unbound labeled reagent 
be separable iron, the bound labeled reagent. This can be achieved in a vanety of ways. Each 
wa Zircs that a reagent bound to a solid support that distinguishes between the complex of 
X, drelU and target . The solid support may be . .vessel wa,,, eg. 

20 well capillarv plate, slide, beads, including magnetic beads, liposomes, or the like. The 

; ma" araiLties of the solid support ,s that i, permits segregation of the ound labe d 

piTic binding member from unbound probe, and that the support does no. ,n crfere with the 

formation of the binding complex, nor the other operations of the determination, 
formation* g P ^ ^ or ^ , 0 me rt j w 

25 dtree.lv ^nd one mav have to binding member SLS-tag probe eovalen.ly or non-cova,en„y 
bo™d tote support For proteins, many surfaces provide non-diflusible binding of a protein 
„7 ^supX so *a, one adds to protein ,0 to support and allow, the protein » 
"vav Zklv bound protein and then adds an innocuous protein to coat any active* binding 
« *a,"e still available. The surface may be activated with vanous tactiona ties tha, wil, 
30 form covalent bonds with a binding member. These groups may include imino halides 

ac™«d carboxvl groups, e.g. mixed anhydrides or acyl halides, ammo groups, a-halo or 

ktones^ The'specinc binding member boundto the surface 
I anv molecule tot permits me binding portion of the molecule, e.g. epitope, to be available 
for binding bv the reciprocal member. Where the binding member ,s polyepitopic, e.g. 
35 Sterns L is usually less of a problem, since the protein will be polyepitopic and even with 
n^mbindtng of the protein to the surface, the desired epitope will be available for most of 
Ztld molLles. L smaller molecules, particularly under *D* « w, usual, y have 
an active functionality on the specific binding member tha, ^"l^^^ 
to active functionality reacts with a functionality on to surface of to 
JO functionalities described above may find use. Conveniently, one may use to same site tor 

'» ratibo * s - * for *" acdve y 

f °' "'^of^Sc acid pairing, one may employ specific binding member pairing^ 
There are a large number of specific btnding pairs assoeiated with receptors, such as antibodies, 
45 poly- 1 -oJSclonal, enzymes, surface membrane receptors, lectins, etc , and llgands for to 
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receptors, which may be naturally occurring or synthetic molecules, proton or non-protem, 
such as drugs, hormones, enzymes. Hgands, etc. The specific binding pair has many 
similarities to the b.nd.ng of homologous nucleic acids, significant differences being that one 
normallv cannot evele between the target and the agent and one does not have convenient 
5 phosphate bonds to cleave. For heterogeneous assays, the binding of the specific binding pa.r 
is employed to separate the bound from the unbound e-tag bonded agents, while with 
homogeneous assays, the proximity of the specific binding pairs allow for release of the e-tags 
from the complex. ' For an inclusive but not exclusive listing of the various manners .n which 
the subject invention may be used, the following Tables land4are *4s provided-^ 
, o ' Once the binding compound (target binding motety) conjugated with the e-teghas been 

prepared, it may find use m a number of different assays^y^ieW^^ 
feed. The samples may be processed using lysis, nucleic acid separation from proteins 
and lipids and vice versa, and ennchment of different fractions. For nucleic add related 
determinations, the source of the DNA may be any organism, prokaryotic and eukaryotic cells, 
15 tissue environmental samples, etc. The DNA or RNA may be isolated by conventional means, 
RNA may be reverse transcribed, DNA may be amplified, as with PGR, primers may be used 
with capture l.gands for use in subsequent processing, the DNA may be fragmented using 
restriction enzvmes, specific sequences may be concentrated or removed using homologous 
sequences bound to a support, or the like. Protems may be isolated using precipitation, 
20 extraction, and chromatography. The protems may be present as individual proteins .or 
combined in various aggregations, such as organelles, cells, viruses, etc. Once , the ta g t 
components have been preliminarily treated, the sample may then be combined with the e-tag 
reporter targeted binding proteins. *», tk,. taro* 

For a nucleic acid sample, after processing, the probe mixture of e-tags for the target 
25 sequences will be combined with the sample under hybridization conditions, in conjunction 
with other reagents, as necessary. Where the reaction is heterogeneous, the target-binding 
sequence will have a capture Hgand for binding to a reciprocal binding ™mber for 
sequestering hybrids to which the e-tag probe is bound. In this case, all of the DNA sampk 
casing the capture ligand will be sequestered, both with and without e-tag reporter labeled 
30 probe. After sequestering the sample, and removing non-specifically bound e-tag reporter 

Lied probe under a predetermined stringency based on the probe sequence, using washing at 
an elevated temperature, salt concentration, organic solvent, etc., the e-tag reporter is released 
into an electrophoretic buffer solution for analysis. 

As indicated in Tables 3_, for amplification one may use thermal cycling. SbJalasd 
35 HBi- — M ™ **™ s (solutionphase, ^ generation . followedby 

^^T^ZC or niM Uprttrn O and^t^ed jmifclP) 1™d.n p to release o f 

-rl™ wherT^rTe^ codesjor a unique binding even tora^ The cleavage 
of the nucleic acid bound to the template results in a change in the melting temperature of Ae 
e-tag residue with release of the e-tag. By appropriate choice of the primer and/or protocol, 
40 one can retain the pruner bound to the template and the e-tag containing sequence can be 
cleaved and released from the template to be replaced by an e-tag containing probe. 
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Tihle * Binder Assavs And Multiplexed Assays 




Formats 


Recognition Event 


Amplification Mode 


e-tag Release 1 


Multiplexed assays I 
i 

Sequence recognition 
for example for 
multiplexed gene 
expression, snp's 
scoring etc 


Solution hybridization 1 
followed by enzyme recognition 


>CR- Invader 


5' nuclease 
3' nuclease 


Restriction 
enzyme I 


Ribonuclease H 


Solution hybridization 
followed by channeling 


Amplification due to 
turnover of e-tag binding 
moietv; OR 

amplification due to 
release of multiple e-tags 
(10 to 100,000) per 
binding event 


Singlet Oxygen 
C0 2 ) 


Hydrogen 
Peroxide (H 2 0 2 ) 


Light, 

energy transfer 


Patches in microfluidic 
channels - 

integrated assay and 

separation 

device 


Target captured on solid 
surface; 

e-tag probe mixture hybridized 
to target; unbound probes 
removed; 

e-tag reporter is released, 
separated and identified. 


Amplification from 
release 

of multiple e-tag 
reporters (10 to 100,000) 
per probe 


Light, enzyme, 

o 2 , 

H 2 0 2 , Fluoride, 
reducing agent, 
MS ? others 
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Table 4. Immunoassays 
Format 



Proteomics 

Multiplexed 
Immunoassays 



10 



Recognition Event 

Sandwich assays 
Antibody- 1 decorated with 

Sensitizer while antibody-2 is 
decorated with singlet oxygen 
cleavable e-tags 



Amplification Mode 



A few (2-10) e-tags 
released per binding 
event 



e-tag Release_ 
Singlet Oxygen 
C0 2 ) 



OR 



Competition assays 
Antibody- 1 decorated with 
Sensitizer while antibody-2 is 
decorated with singlet oxygen 
cleavable e-tags 



Amplification from 
release of multiple 
e-tags (10 to 100,000) 
per binding event 



Sandwich assays 
Antibody- 1 decorated w ith 
Glucose oxidase while 
antibody-2 

is decorated with hydrogen 
peroxide cleavable e-tags 



Patches in microfluidic 
channels; 

integrated assay and 
separation device 



Competition assays 
Antibody- 1 decorated with 
Glucose oxidase while 
antibody-2 is decorated with 
hydrogen peroxide cleavable e 
tags 



Hydrogen 
Peroxide (H 2 0 2 ) 



Sandwich assay s 
Antibody- 1 is attached to a solid 
surface while antibody-2 is 
decorated with cleavable e-tags 




Competition assays 
Antibody- 1 is attached to a solid 
;urface while antibody-2 is 
lecorated with cleavable e-tags 



Light; Enzymes, 
singlet oxygen, 
hydrogen peroxide 
fluoride, reducing 
agents, mass 
spectra, others 



15 



The assays may be performed in a competitive mode or a sandwich mode. In the 
compel L t^ge, coding *„h a labeled bmdmg member for . e 

ecTprocal member, w*ich reciprocal member is bound to the support, either dunng he 
"formal o, afler, e.g. where an antibody is a ****** 
LLoglobulin i. the reaprocal bmdmg member and is bound ,0 * - W* «■ - 
he bindfng sites of the reciprocal binding member become at least partially filled by the target, 
edu TXnumber of available binding sites for the labeled reciprocal binding member. 
Z ZZZTol labeled bmdmg members «ha, bind to me reciprocal bmdmg member ™,1 
Z in direct proportion to the number of target molecules present. In the sandwich mode^the 
^lt",nd a. the same time ,o different b.ndmg members, a firs, support bound 
lib t second member that binds at a site of the target molecule different from he site 
Tien fte support hound member binds. Tl» resulting complex has three components, 
where the target serves to link the labeled binding member to the support. 

Inking out the assays, the components are combined, usually with the target 
comp^oTadoJ first and men the !ab.,ed members ,n the competitive mode and ,n any order 
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10 



15 



20 



25 



and may be in 2 to 1 0 fold excess or grea f incubated, the 

mol ecu,.s «». depend on the ^J^KST* d. rf*. -pie 

off rates for the target molecule with ,ts reoproca « a g 

the like, in the case of the sandwch assays, one v.,11 have a. least an cq 

1 .5 fold excess, more usually at least l toia exu* aaueoU s medium, generally 

ta separate c 1 »on -the ^^^^-^EI a „ q L ,,o ,h,ch the eg 

" r eThe"rapn f ~ 

By havmg removable protect.ve groups for one J reactiv ,,y 

— « *~ «* P ' OV,fcg C£» -y he reared to be 

\w»^r^ n reaeent is necessary tor cleavage, uic ^ ta.^ K •> 

separa^irigent solution, where the reagent — ^^1^^ the 
„ analysis. Dcpe„d,g - the n^of the ^J^^^J^X. « 
e-tag reporters from the reagent by »s,»g ™ e » ^ „ prevlous , y , one may 

l5 s^::^^ 
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10 



15 



20 



25 



30 



35 



40 



toTraUv .he concents of the various agents involved ,,,„ the signal producing 
analyzed, general., bang m the range ° f 0 " 200 .M The concentration of each 

.rJ^TrtffeJ way than was used in the analogous assay, but od.env.se the conditions 

find use are desenbed in U.S. Patent Nos. 4,zj , Darticu i a r order of addition will 

mmBsm 

of *e compounds serves as a substrate. By label g 
the shift from the substrate to the product as evidence ot tne acnvuy 
vlthteeLme By preparing compounds as suicde inhibitors, die enzymes ma, be 
C«e ed and the ^reporters released » define those compound^, mayserve as 
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of the substrates would have its own e-tag. For those enzymes for which the dmg >s an 
inhibitor the amount of product w ould be diminished in relation to the amount of product m the 
atenee of the candidate compound. In each case the product would have a d.tterent mobility 
from the substrate, so that the substrates and products could be readi ^» ishe ^ 
e,ectrophores,s. By appropriate choice of substrates and detectable la els, one w 
electrograms showing the effect of the candidate compound on the activity of the different 



enzvmes. 



' In determinations involving nucleic acids, since snp detection is, for the most part, the 
most stnngent in its requirements, most of the description will be directed tow ard the 
2 iexed detection of snps. For other nucle.c acd analyses, frequently the protoco s w lU be 
substantially the same, although in some instances somewhat different protocols will be 
mploved for snps, because of the greater demands snps make on fide.it> . For proteins, the 
protocols will be substantially different and wall be descnbed independently of the snp 

Pr ° tOCO For proteins, the protocols will be m^My^^nt and will be described 
independently of the SNP protocols. 

A Primer Extensi on Reaction in Nucleic Acid Analyses 

The extension reaction is performed by bringing together the necessary combination of 
reagents and subjecting the mixture to conditions for carrying out the desired primer extension. 

) ^conditions depend on the nature of the extension, e.g., PCR smgle primer amp Ration, 
LCR NASBA, 3SR and so forth, where the enzyme which is used for the extension has 5 -3 
nuctseactivity. The extension reaction may be carried out as to both strands or«a 
single strand. Where pairs of primer and SNP detection sequence are used for both strands 
cTnveniently the e-tag will be the same but the bases will be different. In this situation, one 

5 Z ™ ^ o have a cleavable linkage to the base, so that for the same SNP, one wou d obtain 
mesamee-tag. Alternatively, if the number of SNPs to be determined ,s not too high one 
olLusedifferente-tagsforeachofthestrands. 

using amplifying conditions, so as to provide an amplified signal for each SNP. Amplifier™ 
nditici normally employ thermal cycling, where after the primer —^ ^t 
>0 electrophoretic tag reporters associated with snps' which are present, the mixture .s heated to 
deltre the double-stranded DNA, cooled, where the pnmer and snp detection sequence can 
rehybridize and the extension be repeated. ^ t ; nn 
Reagents for conducting the pnmer extension are substantially the same reaction 
materials for carrying out an amplification, such as an amplification indicated abov. The 
35 nature and amounts of these reagents are dependent on the type ^^^Ll 
addition to oligonucleotide primers, the reagents also comprise nucleoside triphosphates and a 
nucleotide polymerase having 5'-3' nuclease activity. . 

jZ nucleoside triphosphates employed as reagents in an amplification reaction include 
deoxyribonucleoside triphosphates such as the four common deoxyribonucleoside 
40 triphosphates dATP, dCTP, dGTP and dTTP. The term "nucleoside triphosphates a so 

includes derivatives and analogs thereof, which are exemplified by those f^^ZZes 
recognized and polymerized in a similar manner to the under.vat.zed nucleoside triphosphates. 

The nucleotide polymerase employed is a catalyst, usually an enzyme, for forming an 
45 extension of an oligonucleotide primer along a polynucleotide such as a DNA template, where 
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the extension is complementary thereto. The nucleotide polymerase is a template dependent 
polynucleotide polymerase and utilizes nucleoside triphosphates as building blocks for 
extending the 3'-end of a polynucleotide to provide a sequence complementary with the 
polynucleotide template. Usually, the catalysts are enzymes, such as DNA polymerases, for 
example, prokaryotic DNA polymerase (I, II, or III), T4 DNA polymerase, T7 DNA 
polymerase, Vent DNA polymerase, Pfu DNA polymerase, Tag DNA polymerase, and the like. 
Polymerase enzymes may be derived from any source, such as eukaryotic or prokaryotic cells, 
bacteria such as E. coli, plants, animals, virus, thermophilic bacteria, genetically modified 

enzymes, and so forth. .„ , 

The conditions for the various amplification procedures are well known to those skilled 
in the art. In a number of amplification procedures, thermal cycling conditions as discussed 
above are employed to amplify the polynucleotides. The combination of reagents is subjected 
to conditions under which the oligonucleotide primer hybridizes to the priming sequence of, 
and is extended along, the corresponding polynucleotide. The exact temperatures can be varied 
depending on the salt concentration, pH, solvents used, length of and compos,t.on of the target 
polynucleotide sequence and the oligonucleotide primers. _ . . 

Thermal cycling conditions are employed for conducting an amplification involving 
temperature or thermal cycling and primer extension such as in PCR or single primer 
amplification, and the like. The pH and the temperature are selected so as to cause, either 
simultaneously or sequentially, dissociation of any internally hybridized sequences, 
hybridization or annealing of the oligonucleotide primer and snp detection sequence with the 
target polynucleotide sequence, extension of the primer, release of the e-tag reporter from snp 
detection sequence bound to the target polynucleotide sequence, and dissociation of the 
extended primer. This usually involves cycling the reaction medium between two or more 
temperatures. In conducting such a method, the medium is cycled between ^vo to three 
temperatures. The temperatures for thermal cycling generally range from about 50 C to 100 
°C more usually from about 60 °C to 95 °C. Relatively low temperatures of from about 30 C 
to about 65 °C can be employed for the extension steps, while denaturation and hybridization 
can be carried out at a temperature of from about 50 °C to about 105 °C. The reaction medium 
is initially at about 20 °C to about 45 °C, preferably, about 25 °C to about 35 °C Relatively 
low temperatures of from about 50 °C to about 80 °C, preferably, 50 °C to about 60 C, are 
employed for the hybridization or annealing steps, while denaturation is carried out at a 
temperature of from about 80 °C to about 100 °C, preferably, 90 °C to about 95 C and 
extension is carried out at a temperature of from about 70 °C to about 80 °C, usually about 72 
°C to about 74 °C. The duration of each cycle may vary and is usually about 1 to 120 seconds, 
preferably, about 5 to 60 seconds for the denaturation steps, and usually about 1 to 15 seconds, 
preferably, about 1 to 5 seconds, for the extension steps. It is to be understood that the actual 
temperature and duration of the cycles employed are dependent on the particular amplification 
conducted and are well within the knowledge of those skilled in the art. 

Generally, an aqueous medium is employed. Other polar co-solvents may also be 
employed, usually oxygenated organic solvents of from 1-6, more usually from 1-4, carbon 
atoms, including alcohols, ethers, formamide and the like. Usually, these evolvents, if used, 
are present in less than about 70 weight percent, more usually in less than about 30 weight 
percent. 
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The pH for the medium is usually in .he range of about 4.5 to 9 5, more usually in the 
<■ ' . „ referably in the range of about 6 to 8. Various buffers may be 

Z£ nclude borate, phcphate, carbona,*, Tris, barbel and the hxe. The papula ^ 
employed is not critieal to this invention but in individual methods one buffer may be preferred 
Z 111 The medium may also contain materials reared for e^yme aCv,,y such as a 

diVa ' e %^us —a^ — ^'^uently be employed in the methods in accordance 
„„h the prTn ilntion. For example, in addition to buffers and sate, the medium may also 

1Z zl for the medium and the reaction components. Frequently, the medium 
172 SSTSS as albumins, oua,emary ammonium salts, portions such as 
Tp^urfacls, particularly non-ionic surfaces, binding enhancers, e.g., polygene 
glycols, ^r thelike^ ^ fc ^ f ies 

of each of ft" Z" leotides suspected of being present as discussed below Generally, the 
UmTperiod for conducting the entire m ethc<l will be from about 10 to 200 rn.nu.es. As 
mentioned above, it is usually desirable to minimize the time period. 

Thfconcenwtion of the nucleotide polymerase is usually determined emp,r,ca ly. 

Preferab^ a concentration is used that is sufficient such that the ampliation * robu^The 

primary Liting factor generally is the cos. of the reagent Such 

nolvmerase (native and recombinant) from Stratagene, La Jolla, CA, Ulima DNA polymera 
EES l« Foster City, CA. « DNA ,x,,ymerase from Epicentre 
XLn WI Vent DNA polymerase from New England Biolabs, Beverly, MA, Tl, DNA 
%££Lm Promega'corp., Madison, Wl, and P*o DNA polymerase from Boehrmger 
Mannheim Indianapolis, IN, and the like. 

The initial concentration of each of .he polynucleotides containing the 
target-binding moie* for me large, snps cm be as low as about 50 pg/uL » a sample After 
Tplificationthe concentration of e^h poly.ucleo.ide should be ,. M OpH 
generally in me range of abou, 10 pM .0 abou. 10 »M, usually from about 0 ,„ .0 ^ more 

polynucl^ ^ 10 to ^ 50( , ^ ^ „ „ sually 

, abou. 50^aCS«nM fort sample size .ha, is abou. HH '^l^™ 
tf* ohgomicleofde probes is subs.an.iauy in excess over, preferably a, leas. abou. 10 , mes 
^,1 X more preiably, a, leas, abou, .0" times greater man, «he conce„tra„o„ of each of 
the target polynucleotides. 
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The concentration of the nucleoside triphosphates in the medium can vary widely; 
preferably, these reagents are present in an excess amount. The nucleoside triphosphates are 
usually present in about 10 uM to about 1 mM, preferably, about 20 to about 400 uM. 

The order of combining of the various reagents to form the combination may vary. 
Usually, the sample containing the polynucleotides is combined with a pre-prepared 
combination of nucleoside triphosphates and nucleotide polymerase. The oligonucleotide 
primers and the SNP detection sequences may be included in the prepared combination or may 
be added subsequently. However, simultaneous addition of all of the above, as well as other 
step-wise or sequential orders of addition, may be employed provided that all of the reagents 
described above are combined prior to the start of the reactions. The oligonucleotide pairs may 
be added to the combination of the reagents at or prior to initiation of the pnmer extension 
reaction and may be replenished from time-to-time during the primer extension reaction. 

For quantitation, one may choose to use controls, which provide a signal m relation to 
the amount of the target that is present or is introduced. Where one is dealing with a mixture of 
1 5 nucleic acid molecules, as in the case of mRNA m a lysate, one may use the known amounts of 
one or more different mRNAs in the particular cell types as the standards. Desirably, one 
would have at least two controls, preferably at least 3 controls, where the variation ,n number 
between anv two controls is at least about 10 2 , and the total range is at least about 10 , usually 
at least about 10 4 . However, determining the consistent ratio of mRNAs occurring naturally 
20 wiH may result in a large margin of error, so that one would usually rely on synthetic targets as 
the control Where a control system is added for quantitation, as compared to relying on the 
presence of a known amount of a plurality of endogenous nucleic acids, the control system will 
comprise at least two control sequences, usually at least 3 control sequences and generally not 
more than about 6 control sequences, where the upper limit is pnmarily one of convenience and 
25 economy, since additional control sequences will usually not add significant additional 

precision The control sequences will usually be at least about 50 nucleotides, more usually at 
least about 100 nucleotides. The control sequences will have a common primer sequence and 
different control detection sequences, which are intended to parallel the primer sequence and 
SNP detection sequence in size, spacing and response to the primer extension conditions. In 
30 carrving out the primer extension reaction with sample nucleic acid, one would then add 

different number of molecules of the different control sequences, so that one could graph the 
result to give a signal/number relationship. This graph could then be used to relate signals 
observed with target molecules to the number of molecules present. 

As exemplary of the subject invention, four target polynucleotides Tl, T2, T3 and 1 4 
35 are employed. Oligonucleotide primers PR1, PR2, PR3 and PR4 are employed, each 

respectively capable of hybridizing to a sequence in the respective target polynucleotides. Also 
employed are four oligonucleotide snp detection sequences, PB1, PB2, PB3 and PB4. Each of 
the snp detection sequences comprises a fluorescent label Fl, F2, F3 and F4, respectively. In 
this example, there is a mismatch between PB2 and T2, which comprises a single nucleotide 
40 polymorphism. The reaction medium comprising the above reagents and nucleoside 

triphosphates and a template dependent polynucleotide polymerase having 5' to 3' exonuclease 
activity is treated under amplification conditions. Primers PR1, PR2, PR3 and PR4 hybridize 
to their respective target polynucleotides and are extended to yield extended pr.mers EPR1 
EPR2 EPR3 and EPR4. snp detection sequences PB1, PB3 and PB4, which hybridize with 
45 their respective target polynucleotides, are acted upon by the exonuclease to cleave a single 
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nucleotide bearing the respective fluorescent label. PB2, which does not bind to the target 
polynucleotide, is not cleaved. Cleaved fragments Fl, F3 and F4 are injected into a separation 
channel in a chip for conducting electroseparation. The labels are identified by their specific 
mobility and fluorescence upon irradiation. The separated labels are related to the presence 
5 and amount of the respective target polynucleotide. 

The selection of the snp detection or other target binding sequence will affect the 
stringency employed during the primer extension, particularly at the stage of hybridization. 
Since in a substantial number of samples, the DNA will be heterozygous for snps', rather than 
homozygous, one does not wish to have false positives, where the snp detection sequence may 
10 bond to the sequence comprising the prevalent nucleotide, as well as the sequence comprising 
the snp. Where the DNA sample is homozygous for the prevalent sequence, it is also important 
that the snp d e tection target binding sequence does not bind to give a false positive. Therefore, 
the difference in T m between the sap-target containing sequence and the wild-type sequence 
will usually be at least about 3°C, more usually at least about 5°C, under the conditions of the 
15 primer extension. 

In one exemplary protocol the tagged snp detection sequence will be chosen to bind to 
the target sequence comprising the snp. The length of the snp detector sequence is in part 
related to the length and binding affinity of the primer. The two sequences act together to 
ensure that the pair of reagents bind to the proper target sequence. The greater the fidelity of 
20 binding of one member of the pair, the less fidelity that is required for the other member of the 
pair. Since the observed signal will be dependent upon both members of the pair being present, 
each member serves as a check on the other member for production of the signal. However, 
since except for the cost, it is relatively easy to make reasonably long oligonucleotides, usually 
both members of the pair will uniquely hybridize to their respective target sequences. 
25 Therefore, the length of the snp detector sequence will come within the parameters indicated 
for the primer, but the total number of bases for the two pair members will usually be at least 
36, more usually at least about 40. 

Depending on the protocol, an e-tag reporter will be separated from a portion or 
substantially all of the detection sequence, usually retaining not more than about 3 nucleotides, 
30 more usually not more than about 2 nucleotides and preferably from 0 to 1 nucleotide. By 

having a cleavable linker between the e-tag and the detection sequence, the e-tag reporter may 
be freed of all the nucleotides. By having a nuclease-resistant penultimate link, a single 
nucleotide may be bonded to the e-tag. 

Each snp detection sequence will have at least one nucleotide modified with an 
35 electrophoretic tag, which is fluorescent or can be subsequently made fluorescent, or can be 
detected electrochemically or by other convenient detection methodologies. Usually, the 
modified nucleotide will be at the 5'-end of the sequence, but the modified nucleotide may be 
anywhere in the sequence, particularly where there is a single nuclease susceptible linkage in 
the detection sequence. Since the determination is based on at least partial degradation of the 
40 snp detector sequence, having the modified nucleotide at the end ensures that if degradation 
occurs, the electrophoretic tag will be released. Since nucleases may clip at other than the 
terminal phosphate link, it is desirable to prevent cleavage at other than the terminal phosphate 
link. In this way one avoids the confusion of having the same electrophoretic tag joined to 
different numbers of nucleotides after cleavage. Cleavage at the terminal phosphate can be 
45 relatively assured by using a linker that is not cleaved by the nuclease, more particularly having 
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only the ultimate linkage susceptible to hydrolysis by a nuclease. For example, one may use a 
thiophosphate, phosphinate, phosphoramidate, or a linker other than a phosphorous acd 
derivative, such as an amide, boronate, or the like. The particular hydrolase reserve linker will 
be pnmanly one of synthetic convenience, so long as degradation of the binding affinity is not 
5 sacrificed. If desired, all of the linkers other than the ultimate linker may be resistant to 

nuclease hydrolysis. . . 

One usually a plurality, of snp's, is simultaneously determined by combining target 
DNA with one or a plurality, respectively, of reagent pairs under condrtions of primer 
extension. Each pair of reagents includes a primer which binds to target DNA and a snp 

10 detection sequence, normally labeled, which binds to the site of the snp and has an e-tag, 

usually at its 5'-end and the base complementary to the snp, usually at other than a terminus of 
the snp detection sequence. The conditions of primer extension employ a polymerase having 
5'-3' exonuclease activity, dNTP's and auxiliary reagents to permit efficient primer extension. 
The primer extension is performed, whereby detector sequences bound to the target DNA are 

1 5 degraded with release of the e-tag. By having each snp associated with its own e-tag, one can 
determine the snp's, which are present in the target DNA for which pairs of reagents have been 

provided^ ^ ^ DNA sequences which are related to a snp site. The primer 

binds to the target DNA upstream from the snp site in the direction of extension. The labeled 
detector sequence binds downstream from the primer in the direction of extension and binds to 
a sequence, which includes the snp. The primer sequence will usually be at least about 12 
bases long, more usually at least 18 bases long and usually fewer than 100 bases, and more 
usually fewer than 60 bases. The primer will be chosen to bind substantially uniquely to a 
target sequence under the conditions of primer extension, so that the sequence will normally be 
one that is conserved or the primer is long enough to bind in the presence of a few mismatches, 
usually fewer than about 1 0 number % mismatches. By knowing the sequence, which ,s 
upstream from the snp of interest, one may select a sequence, which has a high G-C ratio , so as 
to have a high binding affinity for the target sequence. In addition, the primer should bind 
reasonably close to the snp, usually not more than about 200 bases away, more usually not 
more than about 1 00 bases away, and preferably within about 50 bases. Since the farther away 
the primer is from the snp, the greater amount of dNTPs that will be expended, there will 
usually be no advantage in having a significant distance between the primer and the snp 
detection sequence. Generally, the primer will be at least about 5 bases away from the snp. 
The complementary base to the snp may be anywhere in the detector sequence, 
35 desirably at other than the terminal nucleoside to enhance the fidelity of binding The SNP 
detector sequence will be designed to include adjacent nucleotides, which provide the desired 
affinity for the hybridization conditions. The SNP detection sequence may * <^™* * 
any convenient means, such as described in Matthews, et al., Anal. B.ochem (1 988) 169:1 - 
25- Keller et al , "DNA Probes," 2 nd edition (1993) Stockton Press, New York, NY; and 
40 Wetmur, Critical Reviews in Biochemistry and Molecular Biology (1991) 26:227 - 259. 

The number of reagent pairs may be varied widely, from a single pair to two or more 
pairs usually at least about 5 pairs, more usually at least about 9 pairs and may be 20 pairs or 
more' By virtue of the use of different e-tags, which have different mobilities and are readily 
resolvable under conventional capillary electrophoretic conditions, the subject pairs may be 
45 used to perform multiplexed operations in a single vessel, where a family of SNPs may be 
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identified. Usually, the «. number of different 7^j£^£SSZ 
a single determination will be under 200, more usually under 100 and many 



exceed 50 
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, * a t„ « Tnvader™ technology, and is descnbed in U.S. Patent no. 
SNP. This protocol ,s referred to as Invader tecta j& ^ ^ 

6,001,567. The protocol involves providing, (a) (i) "J^* ' sequence , a 

enzyme, referred to as a cleavase, that recognizes a .^ ^^ * d a labeled 

position, when a SNP .s prea* acid ^ ^ „ uclelc aold 

displacement, releasing the label, 00 a source or k. s downstream 
having a first region, a second region and a third region, w rem me fi^o ftom me ^ 
from the second reg.on and the second reg,on is ^^^"/therein the 3' 
region, and (iii) firs, and second oligonucleotides havin 3 ^ Kgio „ of 
portion of me firs, oligonucleotide contams a sec,ue «- * P°«'°" <*«" 
the target nuclcc ac,d and the 5' portton of the ^J^cleofid an P 
second oligonueleot.de each contain ^— ^ ^SS« — 

region ofthe target nucle.c acid, and the 5 portion ot the s eco g w mmy 

sienee compU—y to etc first reg.on of saidtarge^ 

order, the cleavage means, the target nucleic acid, ami the ^ se ^ 

underhybrid^on — 

to the target nucleic acid and at least the po comb ined melting temperature 

any urge, nucle.c acid ,0 from " 0 „go„„c,eo.ide when 

products; and (c) detecting the labeled cleavage products, 
detected. 

. =o„r=::=r^^ 
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way one could save time and reagent by term.nat.ng the pnmer extens.on reaction at the 
ITrle There are many quenchers that are not fluoresce*, so as to nun.m.ze 

ESS SX££ « - ^ — Altematlv f one cou,d take sma11 

al.quots and monitor the react.cn for eb**vable detectable e-tag reporters. 
D Anal ysis of Reaction P roducts 

i » c PP for examole US Patent Nos. 5,750,015,5,866,345,5,935,401, 
™ n ll6 y 1 ^^269, and references c.ted there., A!so, the sample can 
bep^ See,fore X ample,U.S.PatentNos. 

in fluoretfencerdlibed above or taking ahquots and assaying for total free e-tags, the 

described in U.S. Patent No. 6,045,676. 

The presence of each of the cleaved e-tags is determined by the label. The 

of eleetroseparation include, by way of example and not ^^T^ Capil.ary 
electrophoresis, gel electrophoresis, isoelectric focusing and isotachophoresis. Capillary 
eSZL-ti^ involves eleetroseparation, preferably by electronic flow -^.ng 
t^ZX dielectrophoretic and/or electronic flow, conducted ,n a tube or ch nne. 
, oS o^OO micrometer, usually, about 10-100 micrometers ^^^Z^ 
The capillary may be a long independent capillary tube or a channel m a wafer or film 
comprised of silicon, quartz, glass or plastic. 

In capillary eleetroseparation, an aliquot of the reaction mixture containing the e-tag 
5 oroducts is subjected to eleetroseparation by introducing the aliquot into an 

channel that may be part of, or linked to, a capillary dev.ee in wh.eh th* 
amphZtion and other reactions are performed. An electric potenfal , then apphed to the 

t T£Z ofreagen* use, i„ the pres.* a„d,or the natureo *e cleaved 

labels the nature ofthe reaction medium and » forth. The parameters fo the 
"emanation including those for the medium and the electric potenfal are usually 
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optimized to achieve maximum separation of the desired components. This may be 
achieved empirically and is well within the purview of the skilled artisan. 

For a homogeneous assay, the sample, e-tag -labeled probe mixture, and ancillary 
reagents are combined in a reaction mixture supporting the cleavage of the linking region. The 
mixture may be processed to separate the e-tag reporters from the other components of the 
mixture The mixture, with or without e-tag reporter enrichment, may then be transferred to an 
electrophoresis device, usually a microfluidic or capUlary electrophoresis device and the 
medium modified as required for the electrophoretic separation. Where one wishes to remove 
from the separation channel intact e-tag reporter molecules, a ligand is bound to the e-tog that is 
not released when the e-tag reporter is released. Alternatively, by adding a reciprocal binding 
member that has the opposite charge of the e-tag reporter, so that the overall charge is opposite 
to the charge of the e-tag reporter, these molecules will migrate toward the opposite electrode 
from the released e-tag reporter molecules. For example, one could use biotin and streptavidin, 
where streptavidin carries a positive charge. In the case of an oligonucleotide the e-tag 
i reporter would be bonded to at least two nucleotides, where cleavage occurs between the two 
nucleotides with release of the e-tag reporter, with the terminal nucleotide of the d-ucleoUde 
labeled with a biotin (the e-tag reporter would be released without the biotmy ated nucleotide). 
In the case of a peptide analyte, one would have cleavage at a site, where the ligand remains 
with the peptide analyte. For example, one could have the e-tag reporter substituted for he 
20 methyl group of methionine. Using the pyrazolone of the modified methionine one could bond 
to an available lysine. The amino group of the pyrazolone would be substituted with biotu. 
Cleavage would then be achieved with cyanogen bromide, releasing the e-tag reporter but the 
biotin would remain with the peptide and any e-tag that was not released from the binding 
member. Avidin is then used to change the polarity or sequester the e-tag reporter conjugated 
25 to the binding compound ortarget-binding moiety. 

Capillary devices are known for carrying out amplification reactions such as PCR. 
See for example, Analytical Chemistry (1996) 68:4081-4086. Devices are also known that 
provide functional integration of PCR amplification and capillary electrophones in a 
microfabricated DMA analysis device. One such device is described by Woolley, etal in 
30 Anal Chem (1996) 68:4081-4086. The device provides a microfabricated silicon PCK 
reactor and glass capillary electrophoresis chips. In the device a PCR chamber and a 
capillary electrophoresis chip are directly linked through a photolithographically fabricated 
channel filled with a sieving matrix such as hydroxyethylcellulose. Electrophoretic 
injection directly from the PCR chamber through the cross injection channel ,s used as an 
35 "electrophoretic valve" to couple the PCR and capillary electrophoresis devices on a ch.p. 

The capillary electrophoresis chip contains a sufficient number of main or 
secondary electrophoretic channels to receive the desired number of aliquots from the PCR 
reaction medium or the solutions containing the cleaved labels, etc., at the mtervals chosen 

40 For capillary electrophoresis one may employ one or more detection zones to detect the 

separated cleaved labels. It is, of course, within the purview of the present invention to utilize 
several detection zones depending on the nature of the amplification process, the number of 
cycles for which a measurement is to be made and so forth. There may be any number of 
detection zones associated with a single channel or with multiple channels. Suitable detectors 

45 for use in the detection zones include, by way of example, photomultiplier tubes, photod.odes, 
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photodiode arrays, avalanche photodiodes, linear and array charge coupled dev.ce (CCD) 
ch-ps CCD camera modules, spectrofluorometers, and the like. Excitation sources include, for 
exlmple, filtered lamps, LED's, laser diodes, gas, liquid and solid-state lasers and so forth. 
iTe detection may be laser scanned excitation, CCD camera detection, coax* fiber optics 
Lrf aTb ck or forward fluorescence detection in single or array configurates, and he hke. 

Detection may be by any of the known methods associated with the anaKys.s of 
capillary electrophoresis columns including the methods shown m U.S. Patent Nos. 5,560 81 1 
(coin 1 1, lines !9-30), 4,675,300, 4,274,240 and 5,324,401, the relevant disclosures of 
which are incorporated herein by reference. 

Those skilled in the electrophoresis arts will recognize a w.de range of electnc 
potential Ld strengths may be used, for example, fields of 10 to 1 000 V/cm ^re used w,h 
200-600 V/cm being more typical. The upper voltage ^ f c T^^^ 
with a capillary length of 40-60 cm, giving a maximum field of about 600 V cm. For DNA, 
Really the clpilla^y is coated to reduce electroosmotic flow, and the injection end of the 
caoillarv is maintained at a negative potential. 

P %or ease of detection, the entire apparatus may be fabricated from a plastic mater, hat 
is optically transparent, which generally allows light of wavelengths ranging from 80 to 1500 
nm usually 220 to 800 nm, more usually 450 to 700nm, to have low transmission losses. 
Suitable materials include fused silica, plastics, quartz, glass, and so forth. 

20 

tv Systems for Use of th e e-tag Technology 

}L ^^ maA of a^stenTa^oTding to the present invention is presented m Figure 

16 This figure illustrates a system 100 for the simultaneous, multiplexed determination of a 
plurahtv of events. Each event is distinguished from the others by electrophoresis. For 
25 example a snp locus mav be characterized using a pair of reagents, each specific for one allele 
ofle Is Each reagent is bonded to an e-tag with a unique electrophoretic mobility and an 
a ocaL label. When the reagent is combined with a sample of interest in a reaction ^ 
101 the assorted e-tag is modified in a manner that changes its electrophoretic mobility if its 
p cific "ie ,s presel After the reaction, the mixture ,s moved 102 onto an electrophoretic 
30 dev e 103 for separation of the e-tag reporter products contained in the mixture. A power 
con ol box 104 is used in conation with the device to control injection of the sample into 
2Z^™ channel 105. Each e-tag r^speces migrates down the separation channel 
of Te dele with a mobility unique to that tag, moving past a detector 106 that monitors its 
p etenfe bv its associated label. The data collected by the detector is sent to a data pressor 
35 To7 lich determines the presence of each snp allele ,n the sample based on the mobility of .ts 

corresponding e-tag reporter. mr , n itnred in a 

In another example, a group of snp loci or other sequences may be monitored n a 
multiplexed reaction. In this case, a plurality of pairs of e-tag reagents corresponding to the enp 
^tLstseauences are combined w.th a sample in a single reaction vessel 
40 wherT^e^S^orter is released from at least a portion of the target oligonucleotide 

The e-tag reporters are 

XlaLed for detection or the label ^K™*^**^^'" 
the e-tag. The labeled e-tag products of the reaction are resolved from one another on ,** 
electrophoretic device, and again are monitored as they move past the detector. The level of 
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multiplexing possible in this system is limited only by the degree of resolution that can be 
obtained between a designated set of e-tag reporters on the electrophoretic device. 

An additional degree of flexibility can be conferred on the assay by the stage at which 
the e-tags are labeled. As described above, each e-tag may already contain a detectable abel 
when introduced into the reaction. Alternatively, an e-tag may contain a functionah^ allowing 
it to bind to a label after reaction with the sample is complete (Figure 16, 08)^ In this 
embodiment, an e-tag comprising a functionality for binding to a detectab^ abe is combined 
with a sample (Figure 16; 101). After a reaction to modify the mobility of nx : e-tag if its target 
is present in the sample, additional reagents are combined m a sample vessel (Figure 16 109) 
with the products of the first reaction, which will react with the modified e-tag(s) to add a 
detectable label. 

V Kit* for nf the e-tag Techno logy' . 
- As a ma tter of cogence, predetermined amounts of reagents employed m the 
present invention can be provided in a kit in packaged combination. One exemplary kit for snp 
detection can comprise in packaged combination an oligonucleotide pnmer for each 
polynucleotide suspected of being in said set wherein each of said primers ,s hybnd.zab.e to a 
fj sequence ofarespective polynucleotide if 1^ -*npto dep<^ poh^fc^e 
polymerase, nucleoside triphosphates, and a set of primer and oligonuc.eot.de snp detection 
sequences, each of the snp detection sequences having a fluorescent label at rts 5 -end and 
ZZ a sequence at its 5'-end that is hybridizab.e to a respective polynucleotide wherein each 
of the electrophoretic labels is cleavable from the snp detection sequence 

The kit may further comprise a device for conducting capillary electrophoresis as well 
as a template dependent polynucleotide polymerase having 5' to 3' exonuclease activity. The 
kit can further include various buffered media, some of which may contam one or more of the 
above reagent, ^ ^ ^ fa ^ ^ ^ ^ ^ ^ tQ ^ 

for concentrations of the reagents necessary to achieve the objects of the present invention. 
ZZ appropriate circumstances one or more of the reagents in the kit can be provided as a dry 
powder usually lyophilized, including excipients, which on dissolution w.11 provide for a 
^ solution having the appropriate concentrations for performing a method or as.y m 
accordance with the present invention. Each reagent can be packaged m separate c«s or 
some reagents can be combined in one container where cross-reactmty and shelf life permit 
For example, the dNTPs, the oligonucleotide pairs, optionally the polymerase, rna> , be mduded 
in a single container, which may also include an appropriate amount of buffer. The kits may 
also include a written description of a method in accordance with the present invention as 

described above. . 

In one embodiment of the kit, the electrophoretic tags are fluorescent conjugates 

represented by the formula: 

R-L-T a 

3 wherein R is a fluoresce^ L is a linking grou^ as described previously, and V is a functionality 
for binding to a nucleoside base, purine or pyrimidine, or a nucleoside base, a nucleoside, 
nucleotide or nucleotide triphosphate. 
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In another embodiment of a kit, the electrophoretic tags are fluorescent conjugates 
represented by the formula: 

R'-L'-T b 

wherein R' is a fluoresces L' is a bond an amino acid or a peptide or combinations of amino 
acids and thioacids or other carboxylic acids and T b is a nucleotide or nucleotide triphosphate 

In another embodiment of a kit, the electrophoretic tag is a fluorescent conjugate 
represented by the formula: 

Fluorescer-L"-(amino acid) n - T c 
wherein L" is a bond or a linking group of from 1 to 20 atoms in the chain and n is 1 to 100 
The fluorescer may be fluorescein, the amino acid may be lysine and L" may be a bond .n the 
form of an amide linkage involving the meta-carboxyl of the fluorescein and the terminal 
amine group of lysine, and T is the OH of the carboxyl of the last amino acid, a moiety of 
from 0 to 6 carbon atoms for linking the carboxy to a nucleoside, nucleotide or nucleotide 

friphosphate^^ embod . ment Qf a kit in accordance wit h the invention , the electrophoretic 

tag is a label conjugate represented by the formula: 

Fluorescein-(CO)NH-CH(CH 2 ) 3 CH(NH 2 )COX 

wherein X is selected from the group consisting of: OH, NH-lysine, NH-(lysine) 2 , NH-alan.ne, 

NH-aspartic acid, NH-(aspartic acid) 2 , NH-(aspartic acid) 3 , NH-(aspartic acid) 4 , NH-(aspart.c 

acid) 5 , NH-(aspartic acid) 6 , NH-(aspartic acid) 7 , NH-alanine-lysine, NH-aspart.c ac.d-lys.ne, 

NH-(as P artic acid) 2 -lysine, NH-(aspartic acid) 3 -lysine, NH-(aspartic ac.d) 4 -lysine^ NH- 

(aspartic acid) 5 -lysine, NH-(aspartic acid) 6 -lysine, NH-(aspartic acid), -lysine NH-(aspart.c 

acid) 8 -lysine, NH-(lysine) 4 , and NH-(lysine) 5 . The terminal carboxy may be linked to T . 

The e-tags described above may terminate in an appropriate functionality for l.nk.ng to 

a nucleotide, nucleotide triphosphate, or other molecule of interest, or may terminate m such 

moieties. « , ~ c 

For convenience, kits can be provided comprising building blocks for preparation of 
eTags feeertere in situ or have assembled eTags «perte« for direct bonding to the binding 
compound. For preparing the eTags feperte** in situ dunng the synthesis of oligemic leot.des, 
one would provide phosphoram.dites or phosphates, where the esters would include alkyl 
groups particularly of from 1 to 3 carbon atoms, and cyanoethyl groups, while for the 
phosphoramtdite, dialkylam.no, where the alkyl groups are of from 1 - 4 carbon atoms, while 
the other group would be a protected hydroxy, where the protecting group would be common to 
oligonucleotide synthesis, e.g. dimethoxytrityl. For large numbers of eTag pjobes.repertefs, 
that is 20 or more, one kit would supply at least 3 each of mass-modifying regions and charge- 
modifying regions, each having at least the phosphate Unking group and a protected hydroxy 1. 
The two functional groups may be separated by 2 or more atoms, usually not more than about 
60 atoms, and may be vicinal (a fi to a ,a». The nature of the compounds has been d.scussed 
prev.ously In the s.mplest case, the phosphorous acid derivative would serve as the charge- 
modifying region, so that the mass-modifying region and the charge-modifymg region would 
be added as a single group. In addition, one would have at least 2 detectable regions, which 
would be a fluorescer having the phosphate linker and other functionalities protected for 
purposes of the synthesis. Alternatively, instead of having the detection reg.on the terminal 
region where the detectable region allows for the presence of two functionalities that can be 
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used for linking, one of the other regions may serve as the terminal region. Also, one of the 
regions mav be conveniently linked to a mono- or dinucleotide for direct linking to the 
oligonucleotide chain, where cleavage will occur at the 3' site of the nucleotide attached to the 
e-tag reporter By using tri- or tetra-substituted groups, one can provide a detectable region 
5 that provides the pair for energy transfer. One need only have one or two different energy 
transfer agents, while having a plurality of emitting agents to greatly expand the number of 

different e-tag reporters. . 

Where one prepares the e-tag probe, there will be the additional linking region, which 
in the above description is served by the phosphorous acid derivative or the mono- or 
10 dinucleotide unit phosphorous acid derivative. For these e-tag probes, one need not be 

restricted to phosphate links, but may use other convenient chemistries, particularly chemistries 
that are automated. Thus, instead of phosphorous acid and protected alcohol, one can use 
carboxy and alcohol or amino, activated olefin and thiol, amino and oxo-carbonyl, particularly 
with reductive amination. an hydroxy with an active halide or another hydroxy to form an 
15 ether and the like. One may employ compounds that are di-functional, with the same or 

different functionalities, where one could have a diacid and a diol or a hydroxy acid or cyclic 
ester for producing the e-tag probe. Numerous examples of these types of compounds have 
already been described and are well known in the literature. By appropriate selection of the 
monomers and conditions, one can select a particular order of reaction, namely the number of 
20 monomers that react or one may separate the mixture by the different mobihties. 

The kits will include at least two detectable regions and sufficient reagents to have at 
least 10, usually at least 20 and frequently at least 50 or more different e-tag reporters that can 
be separated by their mobility. 

The kits will usually have at least about 5 different e-tags for conjugation, more usually 
25 at least about 10. frequently at least about 25 and may have 50 or more, usually not more than 
about 1 000 The e-tags will differ as to mobility, including mass/charge ratio and nature ot 
charge e g overall positive or negative, detectable moiety, e.g. fluorophor, electrochemical, 
etc, or 'functionality for linking a detectable moiety, e.g. maleimide, mercaptan, aldehyde, 
ketone, etc. 
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EXAMPLES 



The invention is demonstrated further by the following illustrative examples. Parts and 
percentages are by weight unless otherwise indicated. Temperatures are in degrees Centigrade 
35 (°C) unless otherwise specified. The following preparations and examples illustrate the 

invention but are not intended to limit its scope. Unless otherwise indicated, oligonucleotides 
and peptides used in the following examples were prepared by synthesis using an automated 
synthesizer and were purified by gel electrophoresis or HPLC. 

The following abbreviations have the meanings set forth below: 
40 Tris HC1 - Tris(hydroxymethyl)aminomethane-HCl (a lOx solution) from 

BioWhittaker, Walkersville, MD 

HPLC - high performance liquid chromatography 

BSA - bovine serum albumin from Sigma Chemical Company, St. Louis MO 
EDTA - ethylene diamine tetra-acetate from Sigma Chemical Company 
45 bp - base pairs 



49 



Attorney Docket No. 0225-0033.20 



g - grams 
mM - millimolar 
TET - tetrachlorofluorescein 
FAM - fluorescein 
TAMRA - tetramethyl rhodamine 
EOF - electroosmotic flow 



SStAMRA were purchased from Perkin Elmer (Foster City, CA) as were conjugates of 
10 TET FAM and TAMRA with oligonucleotides. 

Master Mix (2x): 20 mM Tris-HCl, 2.0 mM EDTA, P H 8.0 (8% Glycerol), 
10 mM MgCI 2 , dATP 400 uM, dCTP 400 uM, dGTP 400 jiM, 
dUTP 400 uM, AmpliTaq Gold® O.lU/uL (from Perkin Elmer), Amperase 
UNG® 0.02 U/pL (from Perkin Elmer) 
15 Probes and Primers: (1 Ox) ii/CCAm ,, n . n 

Forward Primer: 3.5 uM 5'-TCA CCA CAT CCC AGT G-3 IDNCL ) 

Reverse Primer: 2.0 uM 5'-GAG GGA GGTTTG GCTG-3' (SEQ ID NO.2) 
Plasmid Allele 1 Probe: 2.0 uM (200 nM per reaction) 

5' TET-CCA GCA ACC AAT GAT GCC CGT T-TAMRA-3' (SEQ ID NO:3) 
20 Plasmid Allele 2 Probe: 2.0 uM (200 nM per reaction) 

5 . FAM-CCA GCA AGC ACT GAT GCC TGT T-TAMRA-3 (SEQ ID NO.4) 

Target DNA: . 
Plasmid Allele-1 : 10 fg/pL = approximately 1000 copies/uL 
Plasmid Allele-2: 10 fg/uL = approximately 1000 copies/uL 

25 

S ynthesis of Fluents of e-tag Prob es 

A gynth^i., of 6-Carboxvfluore.scein Phosphoramiditg^riv^tives 
To a solute of 6-carboxyfluorescein (0.5 g, 1.32 mmol) in dry pyndme (5 mL) was 
added drop vv.se, 1S obutync anhydride (0.55 mL, 3.3 mmol). The reacts was allowed to .tir 
30 at room temperature under an atmosphere of nitrogen for 3 h. After removal of pyndme ^ 

iZhe reLue was resolved in ethyl acetate (150 mL) and washed with water (150 mL). 
^organic layer was separated, dried over Na 2 S0 4 , filtered, and concentrated m vacuo to 
£ Z 2 h residue This matenal was dissolved m CH 2 C1 2 (5 mL) after which ^roxy 
rccimmide (0 23 g, 2.0 mmol) and dicyclohexylcarbodhmide (0.41 g , 1-32 mmol) were added. 
3 5 ri^n was atwed to stir at room temperate for 3 h and then fitajed 1 ^ugh a Mod 
funnel to remove the white solid, which had formed. To the filtrate was added ammoethanol 
Ton mL 2 0 mmol) dissolved in 1 mL of CH 2 C1, After 3 h the reaction was agam filtered to 
m vT a^ 

was washed with water (150 mL) and then separated. The organic layer was dried over 
40 Zs0 4 filtered and concentrated in vacuo to yield a white foam (0.7 g, 95%, 2 (steps)^ H 

NMR DMSO) 8.68 (t, 1H), 8.21 (d, 1H), 8,4 (d, 1H), 7.83 (s 1H), 7.31 , 2H)> 5 (s, 4H), 
4 69 (t 1H), 3.45 (q, 2H), 3.25 (q, 2H), 2.84 (h, 2H), 1.25 (d, 12 H). Mass (LR FAB ) 
calculated for C 3 ,H 29 N0 9 (M+H + ) 559.2, found: 560. 
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B Svnthgjis_ofModifiMFla^^' n Phos phoramidite s 

^^^^^^ nH^o^T^d bottom flask was placed 
^r^So^m^WtT^^otassium carbonate (1.0 g, 7.5 mmol) and 20 mL 

^^(UmL, 5.5 mmol) wadded via syringe. ^^^^^^ 
™rature overnight, and then filtered to remove excess potassium carbonate and finally 
temperature ove g A sticky yellow solid precipitated out of solution. The 

Z^^s d"d off and Z residual solid was delved in 10 mL of methanol. 

filtered and air dned to yield an off white solid (0.88 g, 62 %). TLC (45.45. 10 of 

waspJelle^^ 

i • m «8 a 7 6 mmol) and dicyclohexylcarbodnmide (1 .>7 g, /.o mmoij 

Tered to remove the precipitated dicyclohexyl urea byproduct and reduced to approx. 10 mL 

- Drop Le add-on of hexanes with cooling rf 
colored solid, which was triturated with hexanes, filtered and air-dried to yield 3. 17 g (95 /„) 

mmol) anT^mL of d.chloromethane. The solution was stirred under nitrogen aftei -which 
Lmoethanol (81 1«0 was added via syringe. The reaction was mounted by TLC 

(45:45,0 Hxn,EtOAc,MeOH) and was ^^^^TeSL filtered and 
25 dichloromethane was then removed m vacuo and the residue d ssoivea 

absorbed onto Ig of silica gel. This was bedded onto a 50 g silica column and eluted with 
Hxn.EtOAc.MeOH (9:9:1) to give 125 mg (20 %) of clean product. 

Phosnhoramidite. Into a 10 mL round bottom flask containing 125mg of the alcohol 
was added^oTd^hloromethane. Dnsopropyl ethylamine (139 uL, 0.8 mmol) was added 
™ via svrinee The colorless solution turned bright yellow. 2-cyanoethyl 

^Z^ro^o^ (81 uL,0.34mmol)wasaddedv,asyr^ 
ulediatlly went colorless. After 1 hour TLC (45:45:10 of HxnrEtO Ac.TEA) showed the 
^t on was complete with the formation of two closely eluting isomers. Material was punfied 
ri2Icolumn (45:45:10 of Hxn :EtO Ac .TEA) isolating both isomers together and yielding 

35 UOmgi ^M^. Intoa4mLvialwas P lacedl2-aminododecanoicacid(0.l ; ,0.5 

mmol) an"d 2 mL of pyridine. To this suspension was added chlorotrimethyl s.lane (69uL 1.1 
Z° aTyringe. After all material dissolved (10 min) NHS ester (210 mg, 0.66 eq> was added. 
tZZn was stirred at rcx>m temperature overnight and then poured ,nto watery 

40 precipitate a yellow solid, which was filtered, washed with water, and air-dned. TLC (45.45.10 
of Hxn EtOAc MeOH) shows a mixture of two isomers. 

sbove ' -1 — ' - * and 

dicvclohexylcarbodiimide in dichloromethane. After filtration of the resulting 
45 dlcyclThexylurea, treatment with leo of varying amino alcohoU will effect am.de hond 
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20 



formation and result in a terminal alcohol. Phosphitylation using standard conditions 

described above will provide the phosphoramidite. . ... M mt:^ 

C Synthesis of Biotinylated 2'-Deox y cytosine Phosphoramidtte^-SehW-KFigure 

33) fvanna^^ 

dl ssolved in 30 ml of dry DMF and t-butyldimethyl-stlyl chlonde (7.87 gm 2^ rnmoO ad d d 
to the stirnng solution at room temperature. After 3 hrs, TLC on sihca gel d^th^iieher 
CH,C1 2 ) showed that all starting material had been converted to a new compound with higher 
R The solution was concentrated into a small volume; about 200 ml of ether was then added 
and washed three times with saturated aqueous NaCl solution. The organic layer was dried 
Tver lydrous Na.SC,, and the filtrate was evaporated to give a colorless gummy materia^ that 
converted to a white solid product (eight gm, 100 %). This product was identified with HNMR 

, 5 Bfflaaj^^ ^ ^ ^ ^ ^ suspended m 300 ml of C h 3 CN at 

0 °C 8 ml of POCU- then 50 ml of triethylamine was added slowly in 5 min. After an hour, 
3' 5'-0-d»i-t-butvldimeth y lsilyl-2'-dBeo Xy undine (Compound 1) (9 gm, 19 7 mmol) was 
dissolved in 200 ml of dry CH 3 CN and added to the reaction over 20 min. After stirnng the 
reaction for 16 hours at RT, TLC (100 % ether) showed that all starting material was converted 
tTa new compound with lower R, The reaction mixture was filtered, reduced the volume of 
CH3CN diluted with ethyl acetate and washed with saturated aqueous NaHC0 3 then twice with 
salted aqueous NaCl. The organic layer was ^^'^^^^ 
was evaporated, co-evaporated from toluene to give a yellow solid product (10 gm, 100 /o). 
25 This oroduct was identified with HNMR and ES-MS. 

P o™^^ 

triHer. a neamino)-^-^"^vcvtidineB4r . in A_, 

4 7 10-Tnoxa-l,13^trid^nediamine (10.44 gm, 47.4 mmol) was dissolved in 100 ml 
dioxane then 3' S'-O-di-t-butyldimethylsilyM-d^^-tnazoloK'-deoxycytidine (Compound 
2) 15.8 mmol) was dissolved in 200 ml of dioxane (heated to about 50 C and cooling 
it dawn to RT) and added drop wise in 10 min, to the solution of 4,7,10-Tnoxa-l,13- 
tndecanediamine with vigorous stirnng at RT. After 5 hrs, TLC on silica gel showed tha all 
starting matenal was converted to a new product with lower Rf, the resulting mixtiire was 
evaporated to dryness. The residue was dissolved in dichloromethane and washed twice with 5 
%Todium bicarbonate solution and saturated sodium chlonde solution. The organic layer was 
dned over sodium sulphate, filtered and evaporated to dryness to give a yellow gummy product 
(7 87 gm) The product was purified on a silica gel column eluted with a gradient of 0 to 10 A 
methaTl in dichloromethane with 1 % triethylamine. The product was obtained as a yellowish 
eum ( 5 66 gm 54 %). This product was identified with HNMR and ES-MS. 
40 Comr^undA ^™ of 3 '.5' -O-di-t-butyj ^ 

trider.aneaminnhintinV2'-dPeoxycvtidine(4) . 

^O-di-t-butyldimethylsilyl-4-N-(4,7,10-trioxa-l-tridecaneamino)-2-deoxycytidine 

(Compound 3) (2.657 gm, 4.43 mmol) and Biot.n-NHS ester (1.814 gm, 5.316 mmol) were 
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dissolved in 20 mL of dry DMF and about 1 mL of tnethylamine was added. After stirnng 
the reaction mrxture for 4 hrs at RT, the reaction was stopped by evaporating all DMF to give a 
yellow gum material (4.36 gm). This material was dissolved in dichloromethane and washed 
three times with saturated solution of NaCl, dried over sodium sulphate and evaporated to 
dryness TLC on silica gel (5%MeOH + 1%TEA + 94% CH 2 C1 2 ) indicated the formation of a 
new product that was higher R f . This product was purified with column chromatography on 
rcagelu,ng(99o/oCH 2 Cl 2+ 1%TEA) to (l%MeOH + 1%TEA + ^^^^ t0 
yellow foamy product (2.13 gm, 60 %). This product was identified with HNMR and ES-MS. 
Cgmr*mncL!_Synt^^ 

HPeoxvcvtidine . ..... 9 , 

3' 5'-O-di-t-butyldimethylsilyl-4-N-(4,7,10-tnoxa-l-tndecaneammobiotm)-2 - 

deoxycytidine (Compound 4) (1.6 gm, 1.8 mmol) was dissolved in 50 mL of dry THF, then 
about 5 5 mL of tetrabutylammonium fluonde in THF was added in 2 mm. while stirnng at RT. 
After 3hrs, TLC on silica gel (10 % MeOH + 1 % TEA + 89 % CH 2 C1 2 ) showed that a new 
i nroduct with lower R f formed. The solvent was evaporated to give a yellow oily P"*»*- 

Cotmn chromatograU on silica gel eluted with (99 % CH 2 C1 2 + 1 % TEA) to (7 % MeOH + 
1 % TEA + 92 % CH 2 C1 2 ) permitted the purification of the product as a gummy colorless 
product (1 14 gm 97%). This product was identified with HNMR and ES-MS. 

r^p^,,nH ft t-hButvlbenzov'^™ the hiotin of 4-N-(4.7J0=tmgfclr 

20 triHp.r a neamin ohiotinV2 , -deoxvc^idine(6^ H 14 14 

4-N-(4 7 l0-trioxa-l-trid^aneaminobiotin)-2'-d©eoxycyt 1 dine (Compound 5) ( 14.14 
gm 21 5 mmol ) was dissolved m 100 mL of dry pyridine. Chlorotrimethyl silane (11.62 
g m 107.6 mmol) was added and the mixture was stirred for 2 hrs at RT. 4-t-butylbenzoyl 
chloride (5.07 gm, 25.8 mmol) was added and the mixture was stirred for another 2 hrs at RT. 
The reaction mixture was cooled with ice-bath and the reaction stopped by adding 50 ml of 
water and 50 ml of 28 % aqueous ammonia solution. The solution kept stirnng at RT for 20 
min then evaporated to dryness in high vacuum and finally co-eva P orated twice from tohiene. 
Immaterial was dissolved in dichloromethane and extracted twice with 5% aqueous podium 
bicarbonate solution. The organic layer was dried over sodium sulphate, evaporated to dryness, 
re-dissolved in dichloromethane and applied to a silica gel column. The column was eluted 
with gradient from 0 to 10 % of methanol in dichloromethane and obtained a product as a white 
foam (9.4 gm, 53.5 %). This product was identified with HNMR and ES MS^ 

r^ p n„ n H 7 Svnth e^ nf 5'-0-(4.4'-dimethox ^ nph P nvlmethvl)-4-N-(4 ^7JMooxa_ 

l-tridecaneam innhintin^^'-dfieoxycvtidine-ffl 

Compound 6 (10.82 gm, 13.3 mmol) was co-evaporated twice from dry pyridine then 
dissolved in pyridine (100 ml) and 4,4Mimethox*nty^ g"i 19* 

mmol) was added and the resulting mixture stirred for 3 hrs. TLC (10 % MeOH + 1 /« TEA + 
89 % CH 2 C1 2 ) showed the formation of new product with higher Rf, and some starting material 
remained unreacted, then another amount of DMTC1 (2 gm) was added and kept stirnng ; for2 
hrs The reaction wasstopped by adding ethanok. and the mixture was stirred for 15 min. After 
evaporation to dryness and co-evaporation from toluene, the matenal was dissolved m 
dichloromethane. The organic layer ^washed twice with 5 % aqueous sodium b-arbonate 
solution, dried over sodium sulphate and evaporated to dryness. The product was purified _o i a 
silica column using a gradient of methanol from 0 to 5% in dichloromethane/ 1 /oTEA. The 
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product was obtained as a white foam (4.55 gm, 31 %). This product was identified with 
HNMR and ES-MS. 

Compounds. Synthesis of V- Q -\ (niisonropvlamine)(2-cvanoethoxv) phosphrno)l-5 - 
Q- (4 4'-Him e thoxvtriphenv1methvU-4- N -(4 7 1 0-trioxa-1 -tridecaneaminobiotin)-2'- 

5 dD eoxvcvtidine484 

The 5'-DMT-Biotin-dC (Compound 7) (507 mg, 0.453 mmol) was dissolved in dry 
acetonitrile (30 ml) and dichloromethane (5 ml), then diisopropylamine (73 mg, 0.56 mmol), 
tetrazole (1.15 ml, 0.52 mmol) and 2-cyanoethyl N,N,N'N'-tetraisopropylphosphane 214 mg, 
234 uL. 0.7 mmol) were added and the mixture stirred under nitrogen at RT. After 2 hrs, TLC 

1 0 on silica gel (45% 45%.5%:5%: of ethyl acetate:dichloromethane:triethylamine:methanol) 
showed that only about 30 % of product was formed and about 70 % of starting material was 
unreacted. More reagents were added until most of starting material was converted, with only 
about 5 % left unreacted. The solvent was evaporated to dryness, dissolved in dry 
dichloromethane. washed with sodium bicarbonate solution (5 %), saturated brine solution, 

1 5 then the organic layer was dried over sodium sulphate, evaporated to dryness. Column 
chromatography was carried out on silica gel using (48 %:48 %:4 % of ethyl 
acetate:dichloromethane.triethylamine) to (47%:47%:5%:1% of ethyl 
acetate dichloromethane:triethylamine:methanol). The desired product was obtained as a 
colorless gummy product (406 mg, 70 %). This material was co-evaporated three times from a 

20 mixture of dry benzene and dichloromethane, then was kept in desiccated containing P 2 0 5 and 
NaOH pellets under vacuum for 26 hrs before used in DNA synthesis. 

D Synthesis of Biotinvlated 2'-neoxvadenos in e Ph os ph oramidite: SchomoffgJ Fjgurg 

34) 

25 Com pound 1. Synthesis of 8-bB romoj^dReoxvadenosine: 

2'-dDeoxyadenosine (7gm, 25.9 mmol) was dissolved in sodium acetate buffer (150 
mL 1 M pH 5 0) bv worming it to about 50 °C, then was cooled dawn to 30 °C, then 3 mL of 
bromine in 100 mL of the same buffer was added drop wise at RT for 15 min, to the reaction. 
After 6 hrs the TLC on silica gel (20 % MeOH in CH 2 C1 2 ) showed that all starting material was 

30 converted to a new product. The reaction was discolored by adding some sodium metabisulfite 
(Na 2 S 2 O s ) while itHwas-stirring. The color changed to a white solution, and the pH of the 
reaction was neutralized by adding 1M NaOH. The reaction mixture was kept at 4 °C 
(refrigerator) for 16 hrs. The solid material was then filtered, washed with cold water, then 
acetone to give a solid yellow powder product (5.75 gm, 64 %). The structure of this product 

3 5 was confirmed by H-NMR and ES-MS 

Cnmnound2. Synthesis of N 6 -b ^ n7ov1-8-bromo-5'-Q-(4,4--dimethoxvtntvl)-2 - 

dBeoxvadenosine-(44 

8-bBromo-2'-d©eoxyadenosine (Compound 1) (7.7 gm. 22.17 mmol) was dried by co- 
evaporation with dry pyridine and the solid was suspended in 200 ml of dry pyridine followed 

40 by the addition of 4,4'-dimethoxytriphenylmethyl chloride (DMT-C1,H9 gm, 26.6 mmol). 
After stirring for 4 hrs at RT, TLC on a silica gel showed that a new product was formed and 
some starting material was unreacted. Another amount of DMT-C1 (3 gm) was added and 
stirred at RT for 2 hrs. When TLC showed that all starting material was converted to new 
product with ahigher Rf, the reaction mixture was cooled to 0 °C and trimethylchlorosilane 

45 (12 042 gm., 14 mL, 1 10.85 mmol) was added drop wise while cooling and after 40 mm while 
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stirnng benzoyl chloride (15.58 gm, 12.88 mL, 1 10.85 mmol) was similarly added. The 
reaction was allowed to react at RT over 2hrs. The reaction was que "^ ^^° W ^ °q 
cold water (50 ml), followed by addition of concentrated ammoma (30 /o, 50 ml). After 30 
1 thereactionm.xturewasevaporatedtodryness. The restdue was dtssolved m water, and 
the solution was extracted with ethyl acetate three times, the organic layer washed wrth 
saturated sodium bicarbonate solution, and then bnne. The organic phase was dried over 
olm sulphate, ^evaporated to dryness. The product was punfied e^by silica column 
chlatography; to give a yellowish solid product (6 .79 gm, 41 .6 %). The structure of this 

») (14 gm, 19 mmol) and imidazole (1.94 gm, 28.5 mmol) were dissolved in 100 mL of Ay 
DMF and tlbutyldimethyl-silyl chlonde (4.3 gm, 28.5 mmol) added to the stirring solution at 
fool tlperature. After 4 hrs, TLC on silica gel (2.5 % MeOH in CH£1 2 ) showed that all 
Lng matenal had been converted to a new product with higher R, The solution ^was 
concentrated into a small volume, then about 400 mL of ether was added and w^edthr e 
time, with saturated aqueous NaCl solution. The organic layer was dried ove. anhydrous 
Na 2 S0 4 , and the filtrate was evaporated to give an off-white foamy product (16. 18 gm, 100 /o). 
20 HNMR and ES-MS confirmed the structure. x V nt 

ComrmL^^ 
hntvldimemvlsilyl-5J zQi( 44'-dimethoxvtritvl J^^ox yadenosine-^ 

deoxyadenosme (Compound 3) (8.31 gm, 9.7 mmol) was dissolved in 200 ml of ethanol then 
4 7,10-tnoxa-l, 13-tndecanediamine (6.75gm, 6.7 ml, 30 mmol) was added at once and kept 
s irrine at 50 °C After 16 hrs TLC showed that all starting matenal was converted to one 
ma^oduct with lower Rf and other minor products. The solvent was evapo^ted to dryness, 
dissolved in dichloromethane, washed three times with a solution of bnne, dried over 
anhydrous Na.SO^ then evaporated to give a yellow gummy material. Column 
anhydrous 2 4, f MeOH + CH 2 C1 2 ) permitted the 

chromatography (1 /o TEA + CH 2 ci 2 )tou oroduct 
purification of the major product as an off-white gummy matenal (4.53gm, 47 A). This product 

was identified with HNMR and ES-MS. . 

ammd^^^ 

t-hnWldimeth v ^^ Yi-V-n-^44--dimemoxvtrit Y l )-?'-deoxy a denosine 

"^^^enzoyl-8-(4 7 10-trioxa-l-triSc^m -°-< 4 ' 4 " 

dime^y^ (Compound 4) (4.53 gm. 4.57 mmol) and biotm-NHS ester 

J 12 ^ O mmol) were dissolved in 75 mL of DMF and few drops of TEA were added and 
*e reason W as stnred at RT. After 2 hrs TLC on silica gel (5 % MeOH + 1 % TEA + 94 % 
CH 2 C1 2 ) showed the formation of one major product less polar than starting matenal and 
ano her minor spot has lower Rf. The solvent was evaporated to dryness then disso ved m 
Cite and washed three times with a saturated solution of NaCl, dried the «p» ^. 
evaporated to dryness to leave a yellow gummy material. ™£>^™ 
column chromatography on silica gel by using (1 % TEA + CH 2 C1 2 ) to % TEA + 2£A 
MeOH + CH 2 C1 2 ) as eluant. After evaporating the fractions containing the product, gave 
45 yellowish solid material (3 . 16g, 78 %). HNMR and ES-MS confirmed the structure. 
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ComEOund^^ 

N 6 -ben Z oyl-8-(4,7,10-tnoxa ma ™ 5 w 3 16 on 2 6 mmol) was dissolved in 

100 mL of dry THF, and then about (3.25 ml, 3^25 mmol) oi i y + 

-b W' 5 < *• • ,„ 0 86 „„,<,,) ^ dissolved in a mixture of dry 

reagents were added ,o the reaction and >* st.rr.gfo, «*-2 h*a RT ^ 

a hn„t 95 % of SM was converted to a new product with higher K f . l ne so 

bicarbonate, followed by saturated bnne solutton and then dned over anbyd 



DNA synthesis. 
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40 



E Q^th ^k of Oligonucle otidj^C^^ ™ d Biotin-dA 

concentrated ammonia at 65 C tor i nour. hk»g & 
phase HPLC and desalted by OPC column, then used as such. 
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F Synthesis of An.AOOl 'Figure 1 ^ ™ «" ABI 394 DNA Synthesizer 

6-Carboxvfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96ml 
of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 0. 1 
M solution The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 using 
the standard bottle change protocol. The other natural [dA ta (0.1 M: 0.25 g/2^91mL anhydrous 
acetonitrile) dC Ac (0.1 M 0.25g/3.24 mL anhydrous acetonitrile), dT(0.1 M: 0.25 g/3.36 mL 
anhydrous acetonitrile), dG dmf (0.1 M: 0.25 g/2.81 mL anhydrous acetonitrile)] 
phosphoramidite monomers ^loaded in a similar fashion to ports 1-4. Acetonitrile is oaded 
onto side port 18, standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1, CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution is 
loaded onto port 14 all using standard bottle change protocols. 



Standard Reagents Employed for DNA Synthesis: 

Oxidizer: 0.02 M Iodine (0.015 M for MGB Probes) 
1 5 DeBlock: 3% trichloracetic acid in dichloromethane 

Activator: lH-Tetrazole in anhydrous acetonitrile 
HPLC Grade Acetonitrile (0.002 % water) 
Cap A: acetic anhydride 
Cap B: N-methyl imidazole 
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The target sequence of interest is then input with a terminal coupling from port 8 to 
attach ACLA001 to the 5'-end of the sequence. A modified cycle is then chosen such that the 
desired scale (0 .2 umol, 1.0 umol, etc.) of DNA is synthesized. The modified ^cycle contains an 
additional wait step of 800 seconds after any addition of 6-FAM. A standard DNA synthesis 
column containing the support upon which the DNA will be assembled is then loaded onto one 
of four positions of the DNA synthesizer. DNA containing e-tag reporters have been 
synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG, Ac-dC- 
CPG, dT-CPG ) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. 

Upon completion of the synthesis, the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
at 65 "C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 
purification. 

r. Whesis of A ^i Ami OWe 1 71 on an ABI 394 DNA Synthesizer 

6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 
mL of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
0 lMsolution. The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
using the standard bottle change protocol. The other natural [dA ta (0. 1 M: 0.25 g/ .91 mL 
anhydrous acetonitrile), dC Ac (0. 1 M: 0.25 g/3 .24 mL anhydrous acetomtnle), dT (0. 1 M: 0.25 
g/3 36 mL anhydrous acetonitrile), dO"(0.1 M: 0.25 g/2.81 mL anhydrous acetomtnle)] 
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phosphoramidite monomers are loaded in a similar fashion to ports 1-4. Acetonitrile is loaded 
onto side port 18, standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1 CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution is 
loaded onto port 14 all using standard bottle change protocols. The target sequence of interest 
is then input with a terminal coupling from port 8 and a penultimate coupling of thymidine to 
the 5'-end of the sequence to assemble ACLA002. A modified cycle is then chosen such that 
the desired scale (0.2 unci, 1.0 unol, etc.) of DNA is synthesized. The modified cycle 
contains an additional wait step of 800 seconds after any addition of 6-FAM. A standard ^DNA 
synthesis column containing the support upon which the DNA will be assembled is then loaded 
onto one of four positions of the DNA synthesizer. DNA containing e-tag reporters have been 
svnthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG , Ac-dC- 
CPG, dT-CPG) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. 

Upon completion of the synthesis the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1-dram vial. 
Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette ^placed 
20 into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLL 
purification. 

1HI Synthesis of ACLAfflO (Figure 1 7* nn an ABI 394 DNA Synthesizer 

6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 
25 mL of anhvdrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
0 1 M solution The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
using the standard bottle change protocol. The other natural [dA bz (0. 1 M: °-25 g/2.91 mL 
anhydrous acetonitnle), dC Ac (0.1 M: 0.25 g/3.24 mL anhydrous acetonitrile), dT (0.1 M. 0.25 
g/3 36 mL anhydrous acetonitrile), dG tof (0.1 M: 0.25 g/2.81 mL anhydrous acetonitnle)] 
30 phosphoramidite monomers are loaded in a similar fashion to ports 1-4. Acetonitnle is loaded 
onto side port 18. standard tetrazole activator is loaded onto port 9, CAP A is loaded onto port 
1 1 CAP B is loaded onto port 12, oxidant is loaded onto port 15, and deblock solution is 
loaded onto port 14 all using standard bottle change protocols. The target sequence of interest 
is then input with a terminal coupling from port 8 and two penultimate couplings of thymidine 
35 to the 5'-end of the sequence to assemble ACLA003. A modified cycle is then chosen such 
that the desired scale (0.2 umol, 1.0 umol, etc.) of DNA is synthesized. The modified cycle 
contains an additional wait step of 800 seconds after any addition of 6-FAM. A standard DNA 
synthesis column containing the support upon which the DNA will be assembled is then loaded 
onto one of four positions of the DNA synthesizer. DNA containing e-tags have been 
40 synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG , Ac-dC- 
CPG, dT-CPG ) as well as specialty supports containing 3'-biotin, 3'-amino linker, and minor 

grove binding species. . 

Upon completion of the synthesis, the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove residual 
45 acetonitrile. The column is then opened and the CPG is removed and placed in a l^lram vial. 
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Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block 
set at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 

purification. 

t S ynth^U nf ACLA016 (Fig.,™ 1 71 on an ABI 394 DNA Synthesizer 

6-Carboxyfluorescein (6-FAM) phosphoramidite is prepared by the addition of 2.96 
mL of anhydrous acetonitrile to a 0.25 gram bottle of the fluorescein phosphoramidite, to give a 
0 1 M solution. The bottle is then loaded onto the ABI 394 DNA synthesizer at position 8 
using the standard bottle change protocol. Spacer phosphoramidite C3 (0.25 g) is dissolved in 
5 0 mL of anhvdrous acetonitrile and loaded onto position 5 of the synthesizer. The other 
natural [dA bz (0.1 M: 0.25 g/2.91 mL anhydrous acetonitrile), dC A °(0.1 M. 0.25 g/3^24 mL 
anhvdrous acetonitrile), dT (0.1 M: 0.25 g/3.36 mL anhydrous acetonitrile), dG (0.1 M. 0.25 
g/2 81 mL anhydrous acetonitrile)] phosphoramid.te monomers are loaded in a similar fashion 
to ports 1-4 Acetonitrile is loaded onto side port 18, standard tetrazole activator is loaded onto 
port 9 CAP A is loaded onto port 1 1, CAP B is loaded onto port 12, oxidant is loaded onto port 
15 and deblock solution is loaded onto port 14 all using standard bottle change protocols. The 
target sequence of interest is then input with a terminal coupling from port 8 and a penultimate 
coupling of the C3 spacer from port 5 to assemble ACLA016. A modified cycle is then chosen 
such that the desired scale (0.2 umol, 1.0 umol, etc.) of DNA is synthesized. The modified 
cvcle contains an additional wait step of 800 seconds after any addition of 6-FAM. A standard 
DNA synthesis column containing the support upon which the DNA will be assembled is then 
loaded onto one of four positions of the DNA synthesizer. DNA containing e-tag ^porters 
have been synthesized on various standard 500 A CPG supports (Pac-dA-CPG, dmf-dG-CPG 
Ac-dC-CPG, dT-CPG ) as well as specialty supports containing 3'-biotin, 3'-amino linker, and 
minor grove binding species. 

Upon completion of the synthesis the column is removed from the synthesizer and 
either dried under vacuum or by blowing air or nitrogen through the column to remove res.dual 
acetonitrile. The column is then opened and the CPG is removed and placed in a 1 -dram vial. 
Concentrated ammonia is added (2.0 mL) and the vial is sealed and placed into a heat block set 
at 65 °C for a minimum of two hours. After two hours the vial is allowed to cool to room 
temperature after which the ammonia solution is removed using a Pasteur pipette and placed 
into a 1 .5 mL Eppendorf tube. The solution is concentrated in vacuo and submitted for HPLC 
purification. 

All other e-tag reporters are synthesized in a similar manner to that descnbed above. 
Figure 17 provides a list of different e-tag reperters with their structures, where the symbols are 
as defined in Table 4 and are repeated here for convenience. Figure 6 provides a list of elution 
times of some of these e-tags on an ABI 3100 using POP4 as the separation matrix. C 3 , C 6 , C 9 
and C, 8 are commercially available phosphoramidite spacers from Glen Research, Sterling, VA. 
The units are derivatives of N,N-diisopropyl, O-cyanoethyl phosphoramidite, which is 
indicated by Q The subscripts indicate the number of atoms in the chain, which comprises 
units of ethyleneoxy terminating in Q with the other terminus protected with DMT. The letters 
without subscripts A, T, C and G indicate the conventional nucleotides, while y 1 2 intends 
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amino thymidine and C Br intends bromocytidine. In Figure 8, the numbers indicate the e-tag 
reporter as numbered i ndicated in Figure 17. 
Example 1. Sin ple plex Ampli a tions of Allele 1 and Allele 2 

The experiment was set up to run in the following fashion (6 samples, a triplicate for 
5 Allele 1 and another triplicate for Allele-2): 
22u.L of Mastermix 

13 uL of probes and primers (both the probes are present) 
4.0 uL of Allele- 1 or Allele-2 

1 1 uL of buffer (lOmM Tris-HCl, ImM EDTA, pH8.0) 
1 0 Allele 1 was labeled with tetrachloro fluorescein (TET), and Allele 2 was labeled with 
fluorescein (FAM), each having characteristics as set forth in Figure IB. 

The above volumes were added to a PCR tubes and the reaction mixtures were cycled on a 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 
50°C; 2 MIN (for optimal AmpErase UNG activity) 
1 5 96°C; 1 0 MIN (required to activate AmpliTaq Gold DN A Polymerase) 

40 cycles of: 
95°C; 15 SEC 
60°C; 60 SEC 
70°C; 10 MIN 
20 4°C; storage 

Results from experiments with Allele-1 are shown in Figures 18A and B. CE separation of 
the reaction products of Allele 1 after 0 and 40 cycles. CE instrument was B^kman P/ACE 
5000 with LIF detection. BGE: 2.5 % LDD30, 7 M urea, Ix TBE. Capillary: 100 urn uL, 375 
25 urn o d Lc = 27 cm, Ld = 6.9 cm. Detection: X ex = 488 nm, X. = 520 nm. Injection: 5 s at 2.0 
kV. Field strength: 100 V/cm at room temperature. Peaks: P = unreacted primer, P - primer 

PrOdU0t Results from experiments with Allele-2 are shown in Figures 19A and B: CE 
separation of the reaction products of Allele 2 after 0 and 40 cycles. Experimental condrtions 
30 were as given above for the Figure 18 experiment except for the BGE composition: 2.0 /o 
LDD30, lxTBE. 

F ^ r ,^ A multi plexed reacti "" with both Allele 1 inri Allele ? present in equal ratio 
The experiment was set up in the following fashion (3 reaction tubes, a tnphcate): 
35 22 uL of Mastermix 

13 uL of probes and primers (both of the probes were present) 

4.0 \xL of Allele-1 
4.0 uL of Allele-2 

7 uL of buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) 
40 The above volumes were added to a PCR tubes and the reaction mixtures were cycled on a 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 
50°C; 2 MIN (for optimal AmpErase UNG activity) 
96°C; 10 MIN (required to activate AmpliTaq Gold DNA Polymerase) 
40 cycles of: 
45 95°C; 15 SEC 
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60°C; 60 SEC 
70°C; 10MIN 
4°C; storage 

70 CF seoaration of a 1:1 mixture of the 40 cycles 

of Figure 18. 

10 mS&1S ^^^ up » the following fashion (3 reaction tubes, . •**-.)= 
22 uL of Mastermix 

13 mL of probes and primers (both the probes were present) 
5.0 uL of Allele 1 
IS 0.5 uL of Allele 2 

9 5 uLofbuffer(10mMTris-HCl, 11 mM EDTA, pH 8.0) 
The above volumes "ere added to a PGR tubes and the reaction mixtures were cycled on 
Gene Amp® system 9600 thermal cycler (Perkin Elmer) as follows: 
50°C- 2 MIN (for optimal AmpErase UNG activity) 
96 C; 10 MIN (required to activate AmpliTaq Gold DNA Polymerase) 
40 cycles of: 
95°C; 15 SEC 
60°C; 60 SEC 
70 C; 10 MIN 
25 4 C; storage 

• u- oi TP cpnnration of a 1 10 mixture of the 40 cycles 
The results are shown in Figure 21. CE separation oiai. men ts of Figure 

products of Alleles 1 and 2. Experimental conditions were as given for the experiments of F.gu 
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30 



35 



18. 



40 



KKAA (SW m NO 5) KXKA (SEQ ID NO:6) and KKKK (SEQ ID NO:7) were prepared as 

in an aqueous buffered solution and were separated and detected .n an electrophoreses chip. 

channel FITC-KKKK exhibited a negative charge and FITC-KKKA and H 1 c fJ^ 

charge of FITC-KKKK was greater than +1 and FITC-KKKA ana 
electrophoretically against the EOF. The results are shown in Figure 22. 
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Exam ple 5. M ulti plexed Analysis of CFT R snn Loci with e-tag Probes 

A. Capillary Electrophoresis of CFTRPCR Products with e-tag Probes on ABI 310 
The following example demonstrates separation in a gel based capillary electrophoresis 
of cleavage of a probe. The conditions employed were: Gel: 2.5 % LDD30 in lx TBE with 7 
M urea; CE: PE ABI 3 10; Capillary: 47 cm long; 36 cm to window; 75 urn ID; Running Buffer: 
lx TBE. (LDD30 is a linear copolymer of N,N-diethyl acrylamide and N,N- 
dimethylacrylamide, 70:30). 

The ABB 10 was set up in accordance with the directions of the manufacturer. The 
parameters used were: injection: 5 sec, 2.0 kV; run: 9.4 kV, 45 °C, 10 min. To determine the 
relati ve mobilities of the rclationohip of whore each digested probes separated , a spike-in 
system was used. First one digested probe was separated and its peak site determined, then a 
second probe was spiked into the first probe and the two separated. Then, a third probe was 
spiked in and separated, and so on until the sites of all six probes was determined. The 
singleplex PCR runs were first separated followed by separation of the multiplex PCR, which 
was compared to the S 1 digested separation. 

R Multiplexed A m plification of CFTR Fra gments with e-tag Probes 
In this study, the-reactions involved a plurality of probes in the same PCR reaction 
mixture for different SNPs in the gene for t h e Cvstic Fibrosis transmembrane conductance 
regulator ( CFTR). Taq DNA Polymerase exhibits 5' to 3' exonuclease activity , causin g 
de predation of an e-tag jn^wfeeh-prob es hybridized toen template DNA at the 3' end of a PCR 
primer aro cleaved during PGR. In the subject example, sequence-specific entag probes with a 
fluorescent dye attached to the 5 ' terminus of the probe were employed. PCR was performed 
with these probes, followed by separation m-by. gel-based capillary electrophoresis to determine 
cleavage of the e-tag probe. The following T able 5 indicates the- mutation name, exon 
location , the mutation reference and the speeifie-nucleotide diff e rence change and number 
position of the snp in the CFTR sequence. The name of the oligonucleotid e reagents, including 
e-tag probes and PCR primers, are indicated for e ach sn p locus. Two PCR primers were 
generated to am plify each sn p locus, wh e re F indicates the primer in the forward direction, and 
R indicates the primer in the reverse direc t ion Two e-tag probes were generated for each snp 
locus - one hybridizing in the sense direction and on e in the antisense direction, indicated as "s" 
or "as." respectively. The sequence ID numbers of each of these primers and p robes are given 
in Table 6. 



Table 5. CFTR snp s, e-tag Probes. PCR Primers 



1 

Mutation 


EXOHL 


Nucleotide 


PCM 
Primers 


e-tag 
Probe 


Predicted PCR 


Name 


Location 


Chance 


Product Size 


R560T 


Exon 1 1 


G1811C 


CF10P (F/R) 


CFlOs 


108 


R560T 


Exon 11 


G1811C 


CF10P (F/R) 


CFlOas 


108 


D1152H 


Exon 18 


G3586C 


CF11P(F/R) 


CFlls 


188 


D1152H 


Exon 18 


G3586C 


CF11P(F/R) 


CFllas 


188 


G1349D 


Exon 22 


G4178A 


CF13P (F/R) 


CF13as 


138 
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Table 6, Sequence SB Numbers 



Oligonnclleotid 


qtcto irim NO 


e 




CF10P F 


SEOIDNO:8 


CF11PF 


SEO ID NO:9 


CF13PF 


SEO ID NO: 10 


CF10PR 


SEO ID NO: 11 


CF11PR 


SEO ID NO: 12 


CF13PR 


SEO ID NO: 13 


CFlOs 


SEO ID NO. 14 


CFlOas 


SEO ID NO: 15 


CFlls 


SEO ID NO: 16 


CFllas 


SEO ID NO: 17 


CF13as 


SEO ID NO: 18 



The procedure employed in carrying out the singieplex PCR reaction was as follows: 
1 Make up Master Mix 
10 lx Component . 

8 \iL 25 mM MgCl 2 

2.5 uL lOx PCR Buffer 

8 uL 10 ng/uL DN A template 

0.2 u-L 25 mM dNTPs 
! 5 i u.l 5 U/jxL Taq Gold (added just prior to start of reaction) 

2. Combine 0.8 uL of 5 uM probe and 1 uL of 10 uM primers to PCR tubes, as indicated 
below. tn-Fagwe-44 

3. Primer-sets Probe 

CFlOPs CFlOs 

20 CFlOPas CFlOas 

CFUPs CFlls 
CFllPas CFllas 
CF13Pas CF13as 

4. Aliquot 20.2 |xL of the Master Mix to each tube. 
25 5 . In a PE2400 thermalcycler : 

96°C; 10 MIN 
40 cycles of: 
95°C; 10 SEC 
55°C; 30 SEC 
30 65°C; 1 MIN 

70°C; 10 MIN 



63 



Attorney Docket No. 0225-0033.20 



4°C; storage 

The results are shown in Figure 23. Results clearly demonstrated the-formation of a 
unique electrophoretic tag with a^distinct mobility for each amplified sequence. Even in the 
5 multiplexed amplification each detection probe gave rise to a unique e-tag with a_distinct 
mobility. 

Example 6. Electroseparation of Nine e-tags on Microfluidic Chip 

Label conjugates comprising 9 different fluorescein derivatives linked to thymine 

10 (Figure 24, e-tag numbers 1-9): poly deoxythymidine (20-mer; with a 5' thiol group) is reacted 
with different maleimide-functionalized fluoresceins after which tho reaction the product is 
ethanol precipitated. In a reaction of 12 uL in volume, 10 uJL of 25 uM oligo, 1 lOx SI 
nuclease reaction buffer, 1 uJL of SI nuclease incubated at 37 °C for 30 min followed by 96 °C 
for 25 min. The digested fragments are purified by HPLC. 

1 5 The nine different e-tags prepared as described above and fluorescein were 

combined in an aqueous buffered and were separated and detected in an electrophoresis 
chip. Detection was 0.5 cm for the injection point on the anodal side of an electrophoresis 
channel. The results are shown in Figure 24. 

20 Example 7. Effect of Thiophosphate on 5 '-3' Cleavage 
RT-PCR Conditions: 

10 uL from a total volume of 25 uL of each mRNA was analyzed in a total volume of 
50 uL containing 0.5 uM of each of the oligonucleotide primers, 0.2 mM of each dNTP, 100 
nM of each e-tag labeled oligonucleotide probe, lx RT PCR buffer, 2.5 mM MgCl 2 > O.lU/uL 
25 Tfl DNA polymerase and 0. IU/juL AMY Reverse Transcriptase (Promega Access, RT-PCR 
system). 

Reverse Transcription was performed for 45 minutes at 48 °C followed by PCR. (40 
thermal cycles of 30 s at 94 °C, 1 min at 60 °C and 2 min at 69 °C). mRNA was obtained from 
M. Williams, Genentech, Inc. Probe and primer design was performed as described in 
30 Analytical Biochemistry, 270, 41-49 (1999). Phosphorothioates were attached to the 2, 3, 4 and 
5 phosphate moieties from the 5' end. Separation was performed as described in the previous 
section. 

Figure 25A demonstrates the formation of 5 different cleavage products in the PCR 
amplification of ANF (anti-nuclear factor) with an e-tag labeled at the 5' end of the sequence 
35 detection probe. In the second experiment, phosphate groups at the 2, 3, 4 and 5 positions are 
converted into thiophosphate groups. PCR amplification of ANF using a thiophosphate- 
modified sequence detection probe yielded only one cleavage product (Figure 25B). 

Figure 25CB demonstrates the formation of 3 different cleavage products in the PCR 
amplification of GAPDH with an e-tag attached to the 5' end of the sequence detection probe. 
40 In a second experiment, phosphate groups at positions 2 and 3 are converted into thiophosphate 
groups. PCR amplification of ANF-GAPDH using the thiophosphate-modified sequence 
detection probe yielded one predominant cleavage product (Figure 25D) . 

The results clearly demonstrate for two different genes that thiophosphate linkages 
prevent cleavage at multiple sites of a detection probe. A single detectable entity (a single e-tag 
45 reporter. Figures 25BA and BD) is generated as a consequence of the amplification reaction. 
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Fxam ple 8 SI Nuclease Digest ion of e-tae reporter Probes 

In a 1 .5 ml tube, add- 10 uL of e-tag reporter probe was added at a concentration of 10 
uM followed bv addition of 1 .5 uL of lOx SI nuclease reaction buffer, add-0.5 uL of SI 
5 nuclease (Promega. Cat. # M5761, 20-100 unit/uL), and add-3 uL of Tris-EDTA buffer to bring 
the final volume to 15 uL. faeubate-tlhe reaction was incubated at 37 °C for 20 min followed 
by 25 min at 96 °C to inactivate the nuclease. 

Fvam ple 9 5' Nuclease assays for monitoring specific mRNA exp ression in cell lysates 

1 0 THP- 1 cells (American Type Culture Collection, Manassas, VA) were cultured in the 

presence or absence of 10 nM phorbol 12-myristate 13-acetate (Sigma-Aldrich, St. Louis, MO) 
in RPMI 1640 medium with 10 % fetal bovine serum (v/v), 2 mM L-glutamine, 10 mM 
HEPES, 0.05 mM 2-mercaptoethanol. Twenty-four hours after the induction, cells were 
harvested and washed twice with PBS before lysed with lysis buffer (20 mM Tris pH 7.5, 0.5 % 

1 5 Nonidet P-40, 5 mM MgCl 2 , 20 ng/p.L tRNA) at 25 °C, for 5 min. The lysate was heated at 75 
°C for 15 min before testinged in a_5' nuclease assay. 

Ten microliters of a cell lysate was combined with a single stranded upstream invader 
DNA oligo (5'CTC-TCA-GTT-CT), a single stranded downstream biotinylated signal DNA 
oligo (e-tag-labeled), and 2 ng/uL 5' nuclease (Cleavase IX) in 20 uL of buffer (10 mM MOPS 

20 pH 7.5, 0.05 % Tween-20 and 0.05 % Nonidet P-40, 12.5 mM MgCl 2 , 100 uM ATP, 2 U/uL 
RNase'inhibitor). The reactions were earned out at 60 °C for 4 hours before analysjszed by 
capillary electrophoresis. To eliminate background signal, due to the non-specific activity of 
the enzyme, 1 uL of 1 mg/mL avidin was added to the reactions to remove all the e-tag-labeled 
uncleaved oligo, or e-tag-labeled non-specifically cleaved oligonucleotides. Figures 26 and 27, 

25 res pectively, show separations that were conducted both with and without the addition of 
avidin. 

Exam ple 10. PCR A m plification with 5' Nuclea se Activity Using e-tag Reporters 

The- Exemplarv e -tag reporters are shown in Figure 17. Elution times for some of these 

30 re porters on an ABI 3 100 usinp POP4 as the se paration matrix are provided in Figure 6 . The e- 
tag reporters that were prepared were screened to provide 20 candidates that provided sharp 
separations. 3 1 e-tag reporters were generated with synthetic targets using the TaqMan 
(reagents under conditions as shown in the following tabular format. There were 62 reactions 
with the synthetic targets (one reaction and one negative control for e-tag reporter). Each 25 

3 5 uL reaction contained 200 nM probe, 500 nM primer, and 5 fM template in 0.5x TaqMan 
master mix. 

All the individual reactions were then run on an ABI 3 100 using POP4 as the 
separation matrix. The samples were diluted 1:20 in 0.5x TaqMan buffer and 1 uL of avidin 
(lOmg/mL) was added to bind to any intact probe. The sample was further diluted 1 :2 with 
40 formamide before injecting the sample into the ABI 3 100 capillaries. The following are the 
conditions used with the ABI 3 100 for the separation: 

Temperature 60 °C 
Pre-run voltage 15 kV 
Pre-runtime 180 sec 
45 Matrix POP4 
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Injection voltage 3 kV 

Injection time 10 sec 
Run voltage 15 kV 
Run time 900 sec 

Run module e-tag reporter POP4 
Dye set D 

Subsequent separation of multiple e-tag reporters in a single run were-was 
accomplished as shown in Figure 8, the structures of which are identified in Figure 17- 

Example 1 1 . e-tag Reporter Pfete omic Analog -Assav for Protein Analysis 

-l-A Laheling of aminodextran (MW -500.0 00^ with e-tag reporter and biotin 
Aminodextran was used as a model for demonstrating e-tag reporter release in relation 
to a high molecular weight molecule, which also serves as a model for proteins. The number of 
amino groups for lOmg aminodextran was calculated as 2xl0' 8 moles. For a ratio of 1 A biotin 
to e-tag reporter, the number of moles of biotin NHS ester employed was 1.85xl0' 6 ,andthe 
number of moles of maleimide NHS ester was 7.4X10" 6 . 10.9 mg of aminodextran was 
dissolved in 6 mL of 0.1 % PBS buffer. TheftrlO mg of Biotin-x-x NHS ester and 23.7 mg of 
EMCS were dissolved together in 1 mL of DMF^T-hi»m ff solution wao , and added in 50 uL 
portions at 30 min intervals to the aminodextran solution while it was stirring and keeping away 
from the light. After thejinal addition of the DMF solution, the mixture was kept overnight 
(while stirring and away from the light). Then, the mixture was dialyzed using amembrane 
with a molecular weight cut-off of 10,000 Daltons. The membrane wasjmmersed in a beaker 
containing 2 L of water while stirring. The water was changed four times in_a 2 h interval. The 
membrane was kept in the water overnight (while stirring and keeping away from the light). 
Then the solution was lyophilized and the lyophilized powder was used for e-tag reporter 
labeling. 

B3 Reaction of biotin and maleimide labeled aminod extran with the e-tag reporter, 
SAMSA . 

SAMS A [5-(((2-(and-3 )-S-acetylmercapto)succinoyl)amino)fluorescein] was employed 
as an e-tag reporter to react with maleimide in the aminodextran molecule. For this purpose 0.3 
mg (-5 .3x10 9 moles) of biotin and EMCS labeled with aminodextran were dissolved in lOul of 
water and then reacted with 10 times the mol ratio of SAMSA, for the complete conversion of 
the maleimide to the e-tag reporter. Therefore, 1.1 mg of SAMSA (-l^xlO" 6 moles) is 
dissolved in 120 uL of 0. 1 M NaOH and incubated at room temperature for 15 min (for the 
activation of the thiol group). Then the excess of NaOH was neutralized by the addition of 2 uL 
of 6M HC1, and the pH of the solution was adjusted to 7.0 by the addition of 30 uL of 
phosphate buffer (200 mM, pH 7.0). The activated SAMSA solution was added to the 10 uL 
solution of the labeled aminodextran and incubated for 1 h. The e-tag reporter labeled 
aminodextran was purified with gel filtration using Sephadex G-25 (Amersham), and purified 
samples were collected. 

C2. The release of e-tae from labeled aminodextran 

2 uL of streptavidin coated sensitizer beads (100 ug/mL) were added carefully in the 
dark to the 5 yL of purified labeled aminodextran and incubated in the dark for 15 min. Then 
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the solution was irradiated for 1 min at 680 nm. The release of the e-tag reporter was 
examined be CE using CE 2 LabCard™ device. As shown in Figure 28A, the CE 2 LabCard 1 
consists of two parts; evaporation control and injection/separation. The evaporation control 
incorporates a n evaporation control channel_2_ (450 pm wide and 50 urn deep) with two 
5 replenishment buffer reservoirs 3.(2 mm in diameter) and the evaporation- control controlled 
sample well_4 (1 mm diameter) righHn the eenier- middle of the evaporation control channel. 
The volume of the side wells ( replenishment buffer reservoirs weHs) are 4 .7 pL while the 
volume of the middle- sample well is only 1 .2 pL, and the volume of the channel 2beneath the 
middle sample well is about 40 nL. The second part of the CE 2 device, which is the-used for 
1 0 injection and separation-^art, consists of an injection microchannel 5_and a separation 

microchannel 6, intersecting at a junction 7. and having dimensions of 120 jum wide and 50 pm 
deep . Both ends of the separation channel and one end or the injection channel connect with 
buffer reservoirs 8. while the second end of the injection channel is-connects directly to the 
evaporation-control led sample well_4. The channels are enclosed by laminating a film (MT40) 
1 5 to the LabCard™ A detector 9 is positioned 10 mm from the junction. After filling the CE 2 

LabCard device with the separation buffer (20 mM HEPES, pH 7.4 and 0.5 % PEO), 300 nL of 
the assay mixture was-isjidded to the middle- sample well 4. -and The sample was injected into 
the microchannel junction 7 bv applying voltages to the buffer reservoirs as indicated in Fi gure 
28B. The sample was then separated as is shown in Figure 28C . 
20 Figure 29 shows the electropherograms of purified labeled aminodextran with and 

without sensitizer beads. As shown, the addition of the sensitizer beads leads to the release of 
the e-tag reporter from the aminodextran using singlet oxygen produced by the sensitizer upon 
irradiation at 680 nm. In order to optimize the irradiation time, different tubes containing the 
same mixture of beads and sensitizer were irradiated for different lengths of time ranging from 
25 1 to 10 min. There is no significant increase in the e-tag reporter release for irradiation times 
longer than 1 min. Figure 30 shows the effect of sensitizer bead concentration on the-e-tag 
reporter release. As depicted in Figure 30, the-ahigher concentration of sensitizer beads leads 
to the- greater release of e-tag reporters from the labeled aminodextran. Figure 31 depicts the-a 
linear calibration curve for the release of e-tag reporters as a function of the-sensitizer bead 
30 concentration. In addition, the effect of the concentration of labeled aminodextran on the-e-tag 
reporter release was also examined, and- with t he results is-shown in Figure 32. As can be seen, 
the-ajower concentration of labeled aminodextran for a given concentration of sensitizer beads 
leads to more efficient e-tag reporter release (or higher ratio of e-tag reporter released to the 
amount of labeled aminodextran), 
35 It is evident from the above results that the subject inventions provide powerful ways 

of preparing compositions for use in multiplexed determinations and methods for performing 
multiplexed determinations using such compositions . The methods provide for homogeneous 
and heterogeneous protocols, both with nucleic acids and proteins, as exemplary of other 
classes of compounds. In the nucleic acid determinations, SNP determinations are greatly 
40 simplified where the protocol can be performed in only one to four vessels and a large number 
of SNPs readily determined within a short period of time with great efficiency and accuracy. 
For other sequences, genomes can be investigated from both prokaryotes and eukaryotes, 
including for the prokaryotes, drug resistance, species, strain, etc., and for the eukaryotes, 
species, cell type, response to external stimuli, e.g. drugs, physical changes in environment, 
45 etc., mutations, chiasmas, etc. With proteins, one can determine the response of the host cell, 
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organelles or the like to changes in the chemical and physical environments in relation to a 
plurality of pathways, changes in the surface protein population, changes due to aging, 
neoplasia, activation, or other naturally occurring phenomenon, where the amount of protein 
can be quantitated. 

5 Particularly as to nucleic acid determinations, the subject e-tag reporters can be 

synthesized conveniently along with the synthesis of the oligonucleotides used as probes, 
primers, etc., where the e-tag reporter is released in the presence of the homologous target 
sequence. Kits of building blocks or e-tag reporters are provided for use in the different 
determinations. 

10 It is further evident from the above results that the subject invention provides an 

accurate, efficient and sensitive process, as well as compositions for use in the process, to 
perform multiplexed reactions. The protocols provide for great flexibility in the manner in 
which determinations are carried out and maybe applied to a wide variety of situations 
involving haptens, antigens, nucleic acids, cells, etc.. where one may simultaneously 

1 5 perform a number of determinations on a single or plurality of samples and interrogate the 
samples for a plurality of events. The events may vary from differences in nucleic acid 
sequence to proteomics to enzyme activities. The results of the determination are readily 
read in a simple manner using electrophoresis or mass spectrometry. Systems are provided 
where the entire process, after addition of the sample and reagents, may be performed under 

20 the control of a data processor with the results automatically recorded. 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of 

25 illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain 
changes and modifications may be made thereto without departing from the spirit or scope 
of the appended claims. 
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IT IS CLAIMED: 

1 . A set of electrophoretic tag (e-tag) probes for detecting each or any of a plurality of known, 
selected target nucleotide sequences, the set comprising j members, and each of said e-tag 

5 probes having the form: 

(D, Mj) - N- Tj, where 

(a) D is a detection group comprising a detectable label; 

(b) Tj is an oligonucleotide target-binding moiety having a sequence of nucleotides Ui 
connected by intersubunit linkages B i? i+ i 5 where i includes all integers from 1 to n ? and n is 

1 0 sufficient to allow the moiety to hybridize specifically with a target nucleotide sequence; 

(c) N is a nucleotide joined to U t in Tj through a nuclease-cleavable bond; 

(d) Mj is a mobility modifier having a charge/mass ratio that imparts a unique and 
known electrophoretic mobility to a corresponding e-tag reporter of the form (D, Mj) - N, 
within a selected range of electrophoretic mobilities with respect to other e-tag reporters of the 

1 5 same form in the probe set, where the e-tag reporter (D, Mj) - N does not itself contain 
nuclease-cleavable bonds; 

(e) (D, Mj)- includes both D - Mj - and Mj - D -; and 

(f) each of the target-binding moieties contains at least one modification selected from 
the following: 

20 (i) at least one nuclease-resistant bond where i includes at least 1 ; 

(ii) Ui containing a capture ligand capable of binding specifically to a capture 

agent; and 

(iii) a nuclease-resistant bond B u l+u where i includes at least 1, and at least one 
nucleotide Ui containing a capture ligand capable of binding specifically to a capture agent, 

25 where i > 1. 

2. The probe set of claim 1, wherein each probe has the form D - Mj - N- Tj and the 
corresponding e-tag reporter has the form D - Mj - N 

30 3. The probe set of claim 1, wherein each probe has the form Mj- D - N- Tj and the 
corresponding e-tag reporter has the form Mj - D - N. 

4. The probe set of claim 1, wherein the N - Uj linkage is a phosphodiester bond, and the 
nuclease-resistant bond(s) in the target-binding moiety is one or more linkages selected from 

35 the group consisting of thiophosphate, phosphinate, phosphoramidate, amide, and boronate 
linkages. 

5. The probe set of claim 1, wherein the capture ligand is biotin. 

40 6. The probe set of claim 1, wherein each Mj has a unique charge/mass ratio by virtue of 
variations in mass, but not charge. 

7. The probe set of claim 1, wherein each Mj has a unique charge/mass ratio, by virtue of 
changes in both mass and charge. 

45 

8. The probe set of claim 7, containing at least 5 probes whose corresponding e-tag reporters 
have unique charge/mass ratios of between -0.001 and 0.5. 
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9. The probe set of claim 7, containing at least 9 probes whose corresponding e-tag reporters 
have unique charge/mass ratios of between -0 .001 and 0.5. 

10. The probe set of claim 7, wherein each Mj is formed of a selected number of negatively 
charged and/or positively charged amino acids. 

1 1 . The probe set of claim 7, wherein each Mj includes an alkyl chain, and differs from other 
Mj in the set by 1-3 methylene groups in the chain. 

12. The probe set of claim 1, wherein the detectable label is selected from the group consisting 
of a fluorophore, a chromophore, and an electrochemical compound capable of a detectable 
reaction in the presence of a redox agent. 

13. The probe set of claim 1, wherein the detectable label has a selected mass and charge. 

14. The probe set of claim 13, containing subsets of probes, each subset having a label with a 
unique mass/charge ratio. 

15. The probe set of claims 13 and 14, wherein the detectable label is a fluorophore. 
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ABSTRACT 

Probe sets for the multiplexed detection of known, selected nucleotide target sequences 
5 are provided. Detection involves the release of identifying tags as a consequence of target 

recognition. The probe sets include electrophoretic tag probes or "e-tag probes", comprising a 
detection region and a mobility-defining region called the mobility modifier, both linked to a 
target-binding moiety. The target-binding moiety of the e-tag probes hybridizes to 
complementary target sequences followed by nuclease cleavage of the e-tag probes and release 
1 0 of detectable e-tags or e-tag reporters. The mixture is exposed to a capture agent which binds 
uncleaved and/or partially cleaved e-tag probes, followed by electrophoretic separation. In a 
multiplexed assay, different released e-tag reporters may be separated and detected providing 
for target identification. 
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